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© Touch panel with automatic compensation for variations in touch signals.' 

S * Pan !' ^ T^"^ 9 ***** seisctivsl y ***** to the four sides of a touch sensing surface of 

*e panel « as to.esabi.sn alternatmg current voltage gradients in desired directions across the touch s*nsinq 
•surraca When trie panel is touched, touch signals result and are utilized by a touch location dSTE 
determ : n,ng the location of touch. Tne impedance touch current resulting from a user's toucT may £o £ 

ScToctr h't^ *T *"* 3Ut0mati -»V compensates^ any variations in touch sJnS 

wh.cn occur when the toucn panel is untouched and automatically nulls the touch signals under su-h 
circumstances to enhance the accuracy of touch location determination. 
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TOUCH PANtL YmH AiuuMAuC NULLiNu 



Technical Field 

This invention relates to a touch panel device having a touch sensing surface and circuitry ■ for 
5 determining- the location, which may in essence be any location, at which the touch sensing surface of the 
device is touched. In addition, the invention relates to automatically nulling signals which are generated 
when the touch sensing surface is not being touched. k 

The invention may be used with a wide variety of display devices of the type which display information 
from which a user makes a selection.* One example is a lap held tablet in which a user selects and touches 
to the device to t for example, indicate a response to a question. A further example is user selection of * 
information items displayed on the screen of a display terminal, such as a cathode-ray tube (CRT) terminal, 
which is connected to a computerized information processing system. 

Cathode-ray tube display terminals are known which employ a touch panel with a set pattern of touch 
sections over a terminal display screen. Tne terminal responds to touch at any section in the prescribed 
75 pattern and identifies the 'location of the touched section. Such a system typically employs a capacitive 
sensing technique. That is, a controller continually transmits a scanning signai across the touch panel and 
samples the sections until a touch is detected. When one of the sections is touched by a . user, the 
capacitance of the user's body is added to the circuit. Tne controller senses the resulting change in 
capacitance and identifies the touched section from this change. 
2Q One example of such a touch responsive terminal is manufactured by HG3 Dynamics of Salt Lake City, 
Utah. In the RG3 device, a touch sensitive surface comprises indium* tin oxide which is applied to a glass 
base- plate- Tne coating is patterned in discrete sections with conductors coupling each section to an 
electrical detection circuit Such patterning limits the touch resolution to the size of the patterned sections. 
Also, touch detection is limited by the particular pattern of sections employed. In addition, a complex wiring 
25 arrangement is required to make electrical contact with each of the patterned sections. Such complex 
connection schemes are more prone to failure* and more. costly than simpler arrangements. 

Another known practice employs .a pattern of transparent mechanical switches over a display. 
Sierracin/lntrex Products of Sylmar, California markets Transflex (TM), brand switches of this type. More 
specifically, this panicular type of device employs membrane sheets which are pressed together at the 
30 touch of a- user to make electrical contact When the films are pressed together at a location, current flows 
in a specific circuit and identifies the location. Another membrane type touch panel of this type is disclosed 
in U.S. Patent No. 4.484.033 of Dorman, et al. 

Also, as described in" a product bulletin, Dbfmah-36dbnoff Corp. of Andbver, Massachusetts has a prior 
art Series 1000 touch screen device which utilizes an unpatterned membrane switch type touch panel. Tne 
25 Series 1 000 touch panel devices have a controller vmich senses a switch' closure on a transparent touch 
screen by switching current between X and Y axes of the touch screen. Current which has been passed 
through the various switches of the touch screen is converted to voltage and then from analog X/Y signals 
to digital X/Y position coordinates, in such a membrane switch type device, the membranes are subject to f 
scratching. Also, the multiple layers- used in these devices tend to have a high reflectance, a relatively low 
40 fight transmission and a relatively iow resolution. 

It is known to detect and to locate the touch on a touch panel by providing an array of optical sources * 
and detectors about the periphery of the touch paneL Alternatively, an array of ultrasonic generators and 
ultrasonic detectors are provided about the periphery of the paneL In each instance, the sources and 
detectors are connected with an electronic system that responds to end locates the disturbance which touch 
45 causes in the signals delivered from the sources to the detectors. 

Another capacitive touch detection device is disclosed in U.S. Patent No. 4,47o.4S3 of Ng, et al. Tnts 
particular device utilizes an electrically conductive touch sensitive coated surface with four elongated 
electrically conductive bar electrodes connected to the coating. One of these electrodes is provided along 
each side of the touch sensitive coating. As described in this patent, measurements are made of the 
so change in electrical impedance which a capacrUve touch introduces to a resistance-capacitance (R-C) circuit 
which includes the touch sensing surface. The impedance measurement examines the electrical time 
constant of the R-C circuit with the measurement being performed repeatedly from each end of each of two 
intersecting linear axes. The resultant measures are combined to determine the position of the touch. In one 
embodiment set forth in the Ng, et al. patent an alternating current measuring signal is applied to an 
electrode and the voltage waveform generated in response to the applied signal is monitored at this 
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SEE - 8nCy ° f *** ™ r * 3 *** '* vari * d uniii »» monitored voltage waveform attains a 

onfs nS^/rf 9 Z-^VJ 9 "* ,reqU9nCy Which yieWs ths sa,ected ~ndinon. a de^ina- 
TJ ♦ ^ t0n * t0UCh fr ° m tha ener 9i 2ed eiectrode - mother described embodimen a 

d,rec current measunng s.gna! having two successive seleciiye.y-tjmed values is appfied to an elSe 

5 r ^.^ * rS at,VS t0 1119 8n9r9!2ed electrode is drtemUned voSge at etSSe* 

couSrr^ a h PpRed direct ^ -A™* ™ is. the first measuring signa. charges any capacitance 
coupled to the touch sensing coating, including the. capacitance due to touch, to a know* levj Tn^se^d 
s,gg.then parWy charges the capacitance through the resistance of the touch .^eSTX! 

» ele ^ 8 f ° ,,0Vrin9 th, ' S ^ dschar 9 e Wentifi9S ,f " of touS from 2 

»o electrode. The arcurts descnbed in the Ng. et al. patent have certain undesirable complexities SU -h « SL 
need o app l> - s.gnals of varying frequencies or direct current signa* of two succe^SS'Sut 
pJl' -"^er touch pane, device with a touch sensing surface is disclosed in U.S Paetf 1,35^52 of 

LrW, „- I T' ^ ■ USBr toUChM touch sensi "3 surfa <* "*h * anser. or other" body 
IS S c - e ' e ? r,C9lly «*ndu«.v, stylus. Mural terminations (i.e. the four comers A/ i, C and oTofthe 

^P'" 9 • ? r'!^ ne0 USV driV9n - toth «^- in^neous potential by an oscillator When 

■ tt^ 71 h f ■ h9d - CUrrSmS fi ° W mr0U9h the driven terminations. The X and Y coordinat^ o" 

^ U " ia --% d ? B ' 7n . ,ned fr0m 1,1636 WaP««JBnBy of the impedance of the user's- touch Tn£ 

wr£T~ Su h ftere '?" 1 .' nac =" ra = ies in touch location determination and eliminates impedance infonr.afion 
» S Tr exarS « < T an aPpSCaH0nS - * ° na -bodimerrt. Pepper a.so utiiizefpressure te^I " 
» which, tor example, sense pressure at, a touched- location in excess of- a threshold Uoan » 

^^27 aCt, '°" ^ ° l,ed - SU=h " th9 "** ° f 8 9U " du ^ .'So g^e 3 

t „, ir ^L h« , eXIreme,y SeRSilive 10 noise - wnich can saverely degree frs accunlcy of 
touch location detwmnaton. In addition, power requirements, circuit com P texiti es an ^ccsts^rs tohe^han 
des:rable in a number of these prior touch panel devices. 
« Therefore, a need exists for an unpattemed touch panel which over overrom-s th»se and o»w 
assaovamages of the prior art 0 °' n9r 



Summary of the hventi: 



' -nai whth^- t 9 b prSSSnt inVenC ° n dstSCis teuch - such ss a touch by a human 

unge,, which occurs am^here. on a touch sensitive surface of a touch pane!. Circuitry is' provided Tfdr 
determmmg the position of the touch on the touch sensin- -rf=~ The JL~ - 
^determined relate to W X-Y coordinate system wfth^e ^e^Lc^ely 

.. The touch locations are- determined from touch sicnsis <-ur-a-*s ^ s„ « , 

alternating current voltage pane, scanning signa* to the^h ^ * SS '^ 
In one scanning method, these panel scanning signals are aspiied so'as to -stabiish an 

!l S r « ? S ^ 2C9 „ Wh9n scanned « t»is manner and the touch sensing surface is ^ ^ by a 
user, a first touch current flows through the user and is detected. In addition when 

2-h io?« 9 , 9 ,„ SU f Ce -.. an lm P edance to ^ flows through the user and is^te^ TnJ 

touch locahon along the first erection ^determined from the detected first and imr^dan^-e to^u^c^LrT 

S s to"sSK rmat-: o a ,ta9e r nin9 pane ' sis ^ may * ^ pned » ^°»™ZV*Zs 0 

as to establish an alternating current voltage gradient in a second direction across fr.,.r-h 
surface from ftird to fourth sides of the surface. -Wnen the pane, is teu^^^'SSLTSS 
nows and « detected. Typically, the first and second directions are norma, to one anXr 

a tmes when the touch sensing sunacs is untouched. 3y nulfino it is m-ant t— *h* «I w ! 
impedance touch currents are driven to zero in the absence of I Sch " second-and 
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In on© form, the nulling circuit couples an effective capacitive load to one of the first and second panel 
scanning outputs, the magnitude of the capacitive load being varied in response to nulling control signals 
from the processor circuit Specific examples include a latch, shift register or counter which control a null 
switch means in response to the nulling control signals so as to select and vary capacitors which are 
s coupled to the first or second panel scanning outputs. This in effect adds a nulling current to the detected 
touch currents. 

Another implementation includes a multiplying digital to analog converter circuit under the^ control of the 
processor circuit which is coupled to the source of panel scanning signals. A capacitor is coupled to one of 
the first and second pane! scanning outputs and to the inverting input or to the output of jan operational 
;o amplifier having a feedback resistor. The output of the multiplying digital to analog converter circuit is 
coupled to the noninverting input of the operational amplifier' so as to control and vary the effect of the 
capacitor. 

In a still further implementation, a multiplying digital to - analog converter, under the control of the 
processor circuit receives signals which are ninety degrees out of phase from the panel scanning signals. 

is The multiplying digital- to -analog -converter couples such received signals -via " an operational -ampfifier 
resistor circuit to one of the first and second panel scanning outputs. 3ecause the multiplying digital to 
analog converter is receiving a quadrature signal relative to the panel scanning signals, a variable and 
controllable effective capacitive load is applied to the one "of the first and second panel scanning outputs. 
In another form, the nulling circuit adds a nulling touch current to the signals generated from the touch 

20 sensing surface during panel scanning.- A' specific embodiment utilizes a multiplying digital to analog 
converter, under the control of the processor circuit, coupled to the noninverting input of ah operational 
amplifier. The operational amplifier has its inverting input coupled through a capacitor to one of the first and 
second panel scanning' outputs, has a feedback resistor, and has its output coupled to the signal processing 
portions of the touch location circuit The multiplying digital to analog converter varies and controls the 

25 nulling touch current added to signals from the touch sensing surface. 

As still another aspect of nulling in accordance with the present invention, the processor circuit also 
generates offset nulling signals for further nulling of the touch signals when the touch sensing surface is 
untouched. 

As another optional feature of the invention, an impedance current offset capacitor is selectively 
30 coupled to the panet scanning output 'other than the one coupled to the nulling circuit "during impedance * 
touch current determination. • _ 

Touch locations' can also be determined when touch is by an" electrically conductive stylus as well" as a 
user's finger. Also, accurate touch location determination of touch by a gioved finger results when the glove 
is of an electrically conductive material, or, if not conductive, is sufficiently thin to allow measurable 
25 capacrave touch currents at th9 frequency of the panel scanning signals. Touching may also be by any 
other mechanism which permits" such to'QcVcunents.*When~^ touches by a gloved finger' or 

by a styius are to be understood as limited to "touches by a glove or stylus of the type which allows such 
touch currents. 

It is accordingly one object of the invention to provide an improved- touch-responsive display device. 
40 Still another object of the present invention is to provide improved circuitry and methods for locating the 
position at which a touch sensing surface of a touch panel is touched. 

It is another object of the present invention to provide a touch panel device for locating touch on a 
touch sensing surface thereof with a relatively high degree of reliability and accuracy. 

A further object of the present invention is to provide a touch panel device for locating touch on a touch 
45 sensing surface thereof whether touch is by a user's finger or other body part, by a user who is wearing a 
glove, or by a styius. 

Another object of the present invention is to improve noise rejection, via improved touch signal nulling, 
so as to increase the variety of applications in which the touch panel device may be used. 

These and other objects, features and advantages of the present invention will become apparent with 
so reference to the following description and drawings. 
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3rief Descriptio n of the Drs vines 

invention?" 1 ^ 3 b ' 0Ck diaSrSm ° f emb0diment 0f a touch P ansl d8vic8 a =°"*ng to the present 

ch^- ?" 2 * 3 ^ e!eva{, ' ona ' vlw of a ,ouch P ane > ^ accordance with the presant invention and also 
showing one term or swtching circuitry for applying panel scanning signals a touch sensing of the 

embodTmert of Bg^T^ *"* * 3 P ° rt0n ° f ,0uch locsfin9 dr=uit in 

panel d^ct 'of Fig!T dia3r2m ° f ^ °* aUt ° mafc nU " in 9 drcuit uti,i2sd in touch 

Sg. 5 is a block circuit diagram of a further form of automatic nulling circuit 
no. 6 is a block circuit diagram of a stilt further form of automatic nulling circuit; 
rig. 7 is a block circuit diagram of another form of automatic nulling circuit 
ng. 8 is a block circuit diagram of stiH another form of automatic nulling circuit 
of Fig,7 : 9 ' 9 ' S 3 ^ " ° V9ra " t0UCh ' 0Cati0n dstsrmini "3 seauenc. utilized by the microcontroller 
by " inifel Pane ' ****** o-mination stance utilized 

initial z , i^^rss B c, , sr ufiR2ed by th9 microcontroii3r * R8 - 1 ^ *• 

far of 5'l 1 ; 2 ' S 3 "° W ° f ^ Si9nal ° r CUnr " rt m62StJn ' na *W» utilised by the microcontrcl- 

Figs. 13 and 14 are flow charts of the touch position determining sequence ufifeed by the 
rmcrocontroller of r.g. 1 , n determining touch location from the measured touch signals: 

"9- « '« a flow =hart of a sequence uSiiied by the microcontroller of Fig. 1 for adiustino the nullinn 
of touch s.gnals when the touch sensing surface is untouched; and " -*> Lsm 9 we nul ""9 

Fig. 16 is a flow chart of a sequence utilized by the microcontroller of Fig. 1 for changing ft. 
frequency of the panel scanning signals during operation of the touch panel device. 9 9 

* • * 

Detailed Description of Preferred Embodiments 
Overall Description 

As shown in Rg 1. a touch panel device in accordance with the invention has a display unit 12 with , 
dsplay screen 14. Tne illustrated display unit comprises a cathode-ray tube corner XsL nal and 
accoro,ng,y the display screen 14 comprises the face of the cathode-ray tube. An oXj^SaS 
touch panel 16 ,s pesrtioned to overly the screen 14 so that the screen is visible through S» tou^ ^2 

S of ;L ? p ons, J T e Q " ,sp!ay 12 is eiimin£tsd - For ^ le ' ^ 

sheet of paper, such as a quesbon and answer sheet, may be positioned underneath the touch paTeMe 
wrtn tne touch pane, bemg utilized to enter data relating to the question and answer sheet .n «rUn 

2 aTi°e S n^ 9 oS, U »hT "* * FOT ^P' 6 ' *° M P— ™* S-ply be ^ 

as a d»ta erwy pad wrth the location touched causing the entry of data into a computer or other device 

The touch panel 16 has a base plate, which may be of glass or other optaBy transmit rSeriai 

with an electncaly-conducfjve coating 18 overits outer surface. Tne coating 13 may cover thT eS 

tfsptay screen 14 when the touch pane, is in place, or only that portion of the screen 14 is US J o 

display user-selectible items. ■ usea l ° 

«J£ Sh ° Wn in . 9Sner !! in «« Ascribed in greater detail below, the coating 18 comprises a touch 

sens.bve or sensmg surface with plural electrical contacts or electrodes, in this case twenty such contacts^ 
through A first set 22 of these contacts, that is contacts P through T. is pesrtioned in aTow « : o^JSi " 

Z 00^3 ^ S V SeC3nd SSt 24 ° f COntaCtS ' F *™# is Phoned in a row 2 

.he opposite side of the touch sensing surface from the first set. Tnat is. the first and second se*s 22 24 
are m rows spaced apart from one another in a first direction across the surface 18. A third set 28 of s'u- 
contacts contact K through O. a positioned along the lower or third side of the surface 18. In fddWon a 

Thus, the tart and fourth sets of contacts are spaced apart from one another in a second direction across 
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the ^ouch panel surface. The contacts m=y comprise air drlad siiver contact paint soots, approximately 0 2 
inches square^espective leads are coupled to the contacts to facilitate convenient electricat connection to 
the contacts. . o provide strain relief, the portion of each of these leads adjacent to its associated contact 
may be secured, as by epoxy. to the edge of the touch panet base plate. 

With this construction, the first and second sets 22. 24 of contacts are at the opposite horizontally 
separated penpheral s.de edges of the touch panel. The other sets 25. 28 of contacts are vertically Seed 
apart at opposrte penpheral side edges of the touch panel. Although the contacts of each set do not 

^ ■ . h« 3 nnS ' Whe " C ° Rnear and When me <"* and second dir ^°ns are norma! to one 
another, .he con.acts define a reference coordinate system. Touch locations are determinsd relative to this 

"nh^r ^ the CirCUitry 6Xplained be ' 0W - M0re0v9r ' when ths touch P™* is counted and 
calibrate* the con.acts are at known locations relative to the terminal screen 14, Therefore, by dst=rrninino: 
a toucned location on the touch sensing surface 18. a corresponding determination is made of the "location 
on ne d.splay termmal screen 14. H should be noted that ths irrvention is not limited to this particuS 
contacting scheme. Moreover, a greater or fewer number of contacts may be used along each side of th- 
touch sensing surface. . 

_ The touch locating system illustrated in Rgl 2 utiiikss the two pairs of opposed sets 22. 24 and 2S 2a 
.n oeterrmning the touch location relative to the two directions across the touch sensing surra- Only "on- 
pair of opposed sets is used if single direction touch location determination is to be made. That" is s=ts 22 
and 24 are used to determine touch location in the first or X direction. Also, sets 25 and 23 ar»'used to 
determine touch location in the second or Y direction. " 

With further reference to Figs. 1 and 2, a function generator or signal source 30 gs n o rat » s sn 
alternating current voltage-touch panel scanning signal at an output 33. A panel driving amplifier 33 revives 
tne panel scanning signal, amplifies this signal, and applies the resultant signal on an output 40- to th« 
pnmary wmding 42 of a touch panel driving transformer 44. This drives the secondary winding 45 of £ 
trar«forrner and-estaojishes an alternating current voltage across the secondary winding between its siqnal 
plus (SIS + output 48 and its signal minus (S.G-) output 50. A multiplexer o7switching circuft S2 J p "=s 
he panel scannmg signals from outputs 48 and 50 of the secondary winding to selected sets or rows of t£ 
toucn panel contacts as explained below, >n response to these scanning signals, panel cutout touch sionSs 
or toucn currerrt signals are generated at the center tap 54 of the transformer £ when the 
surrace _,s touched mese touch current signals are processed by a panel outout signal processing S 
means ao to prov.de an .notion of ths location of touch and other information ' 

In the niusfcrated panel output signal processing circuit 55. the touch current signals from onter tao 54 
are transmitted along a Hne B0 to a touch current detector 52. such as a current sendng o^ n ,t 
ampmier. , ne output or amplifier 62 corresponds to the touch currents at the canter tap 54 The amo^r S> 
output ,s fed on an output Dne 84 through a filter 33 (Fig. 3) and then to- one inout 63 of an ar^SS 
,.9 ,ne.s, a ,aJ generator 30 has an. alternating-current voltage reference output which is couo.S S 
70 .o a muftpuer reference craft 72. Multiplier reference voltage signals from the reference circuit £ 
applied on a ,.ne 74 to a reference input 7B of the analog multipfier. The referer.es oUpu slgna s" 

S^Sl!^ST m by mulB?ner 69 with *• " tMnBna ™ vo,ta32 ^ 

• 7 ! ,S on reS ^ Un9 mUffiP f d toUCh C H rent Si9ns!s m ^smitied along a One 78 to an arnplhfW and filter 
circuit SO. The output of circuit 80 is fed on a fine 82 through an integrator timing sv^h 84 and to an 
■negrator circuit 85, which integrates these signals. The integrator timing swHch Mis cSsed d^rino 
•ntegrauon fme periods in response to integration timing ( TfUT ) signals generate b" low 
and applied to an integrator timing input 8a When switch 84 closes, signais delivered to SSSor 
85 are migrated therein. The integrator circuit includes an integrating capacitor 90 S 2*1 
arnpfirier 92. In addition, an integrating capacitor discharge switch 94 is included for ZeivXl^i™ 
integrating capacitor 90 in response to discharge ( oTs ) signals on a to ss K dS^ 
integrator zero signals are generated as explained below. Tne integrated touch current signals are Sn a 
nne 93 to an analog to digital converter circuit 100 which digitizes these signais. These Tlna.s It 

transterreo along data busses 10* 104 to data inputs 105 of a microcopier 108. t£^££S£ 
among other functions, computes the touch iocafon and other desired information ^^SS^Sni 

Tne rnicrocontroner 103 interacts via bus 104. a bus 110. a parallel output latch 112 and a bus 113 with 
a computer 114. Computer 114 is connected by a line 115 to the display tntna t For In examo* £ 
such interaction, computer ,14 may cause selected information to bi Tdfsplayed or L scr^ Tk tl' 
computer 114 may change the displayed information, as determined by soLare. oe^rj £ 
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touched locstinn tk;«. ;„ . . . 

^ontroneyio^^^^ m f ne [ * ». desired application. Tne 

circuit 120. This permits the ^Zi^o^^T^Tf ^ interface 
data processing stations. T y p icaIIy . a sen JoST^ provled ^T™^™ W * h 

Control signals from the microcontroller 103 ar- fraES -f '* er7a?9 ^ 12 °- 
lines 124. 123 to the multiplexer 52.Th^TLZi7J^T ^ M ° and M1 along 

signals to desired sets of contacts ^^^'^i 

^ which touch 

thereto, generates signals which con.ro, ^Ls L^s o^ the°„!^ *' f^ 01 * 0 " 9 ' re ^"^ 
130 generates the integration timing signals Tim ) fed 2 »SS .T^ F ° r 9Xampte " 

S4 closes so that integration commences when touc^t £ H t ^ rSCe,vin 9 thes ^ignal S . s-.itch 
continues for the duration of the TrtT ^„ B ^.^^^: n "? ons " deSirad '"'W" 1 
capacitor discharge signals ( "oTs ) on S% ^Lt ? f '™* a ' S ° 5Snerates the integration 
integration capacitor 90 is dischaid prior "eaS, 7 , Cau ^. 8w,fch 94 <° close so that 

synchronic Input which receive' sync^ onlatS « * 'TT^' ^ micro ==™°"*' has a 
output of signal source 30. Consequently interior, ^ 140 aenVed ^ the »h«nee 

signals to the touch sensing surface i?C2S^SSSS ^ - " pliCS *° n ° f pBn- SCSnnin 9 
analog ,o digital converts 100 for cor^On ^ oSr^ " ^ ™ * » »™ 1^ to thi 

converter 100 to the microcontroller 103. ^ 9 tasd "^Orated touch signals from 

More accurate determination of touch -urrente ani i ^ 

converter is providing an output of a ^ SZTVZS ^ 

var.ai.ons in touch currents can be overlooked an* «™ • ^ ,r9d ra " 3e - tf tco »"■■. minor 

analog to digital converter may ovelfan, p^id TSZS^LT* * ^ * t0 ° *• 

such pcssibiiities. micocontro.ter 103 manto£ ^ n^^^J^ J 3 "™* indicaiion - To ™™™e 
When outside a desired ranoe. micropro4sor h ■ ^ '° ^ eonvwter 

signal sent to decoder 130. In response^ decode' fist £ " "^"J * m l £*2? tton fimin 3 control 
the integration time period, to brinf/the ara^ ™* T" * *" ^ Si9naJ ' *« 
the use of the touch panel devfeeffnder *Sy vS£ c^4°T * l3V9 '- ™ S ****** 

currents. For example, in situations in which a D ^T^T 9 ^ 

mdmdual touches the touch sensing surface with a bLe -,n^r T t . T ° UCh Surfa = 9 1s - «n 

touches the touch sensing surface with a globed fin S »r 9 * **" W 9Ven 9 ■» ^duaT 

A nulling circuit 150 is unfiled to adjust touch curn 



at times'whenTe.uc; "s^^ d tZ^«T«** 64 » « - — v B ,ue 

center tap 54. at .east currents above^ ^ ft^eW jS?^r AftSr r'"" 9 ' * 9 6XiStenC9 * CUIT ^ * 
huHihg circuit 150 automatically proves ^fsuiSf ^if ' ^ th9 ? rss9n « of a touch. In general, 
any current signal at the center'tap und^r iSScoSE^ ^ 54 t0 ° r nu,li ^ 

'ne ng. i fan, ^ automatic nulling circuit acc-vnr^K^ •>.• ■ 
capaciiive load to one of the pane, scanning oXt^^ ^ « 7 selectively coupiing an effective 
nulling circuit 150 responds to nulling si^fls fram o 1 ™ 3 " n9 152 t0 fte S,G+ out P* Tne 

. bus 154 to an inpufoTthe automatic Sj ^ ^^2^* " d ^ erSd °" bus « 
to the SIG + output 43 by the nulHng cir cuTtTs ^^e?in^™« f ^ load ra "P'^ 

nulHng. Typically, an offset nulling caoacitor iSS^L^ V% ** nUlBn9 Si9na!s to efhct 
initial offset to the center tao touch cuntnt Znl^T a 1 ^ S S G " Pane ' SC3nnin ° out P ut 50 to P^«e 
automatic nulling circuit. Consequent.^ ^ Sance is ' £2 1° ^ pr0Vided ^ lhe 

S.G + pane, scanning output, the ^initial otisetSibVL^S S* 9 ^ 0 " 1 ^ "^"B circuit to the 
balanced. Another offset capacitor 1B3 .s S e.^e.y cL^T. ^Z XT ^ amb ' 9nt si9nals a ' 9 
output 50. Switch 170 is closed in response toTXal lZ Jl \Z>T 1? ° 10 S,G -P^' ^"ing 
touch current determinations. .Vv7,en bo* of *e cXJS liLiliT ""'^ 52 **" imp9dan « 
offset « higher because higher current leakage typiSS f Jp ' ed to *» cir=uit ' ^ initial 
tions^ 3Q - ^'^V °=="'s dunng .mpedance touch current determine 

i ne touch panel circuit 53 of Rg. 1 also include -n * •• 
frequency of the pane, scanning JUf to ^£ ^SJ T^^T^ ^ f ° r Shif{in 9 

spectra, such as cathode-ray tuba horizontal nZcks^ \r * ,reQU9r,=y in ^rence 

device is used. In this description, the phTase Sed " * env,r0nment in "Wch the touch panel 
signals and their harmonics of the type t>Sy o^r-^T^ ■ ' nterTerenc9 ^rs to periodic 

This term encompasses signals J^J^g^X, TT* ,he t0U=h >™> 

nr.ea .or a ume and then changed to another fixed value 



oevice. 
fixed value, such as 
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^s^^:^^:^^^^^^ ^^ v , lt 5IS0 includes 

capable of justing the pane. excitation frequency £££ of a to U ^ 1",'? ^ t0UCh **« d8VicS is 

s^ u s:& 

ror producing alternating current voltage outS o TrL s 3 s 70 !fT 3 ° COmpn ' Ses means 

controllable in response to frequency control signals at h e L o u 8 Jf ?^n=y which is variable and 

microcontroUer 108, an automatic frequency SJ^J TrToeZ? "?* 17& U " der ,h9 ° f 
-deiivers such signais on , RnQ £ ^ ^^255? Sw^S 'TT^ ^ ^ " ,d 
^controller 108 determines tha^^^ specifically, at times 



s 




i2log 



from bus 182 to the automatic ^ frequency.control signals 

nulling adjustments become too frequent the ^.SSL 2 2 ^ * ^ urtn « rt is when 

reduces the rate of nulling adjustments. The mic^ontonir a'so ila^ 9 t0 a tevSl Which 

downwardly, of the frequency changes. '= r °-°^on..r a.so preo S t ermi nes the direction, upwardly or 

The touch panel device of Fig. 1 also includes features for o-ote-ii-,-, is* ■» - 
sens,ng surface 13. from excessive touch omen's SwrtfcX 1« 3 =3 ' 23 we -" 28 ths touch 

the touch currents are in excess of a maximum sa'f^ S^.^,£T^ 1 ° 3 "* 
mm,mum integration time period. In this case the ^™ n 'ntegrator 3S is integrating for its 

EN. output on a line 190. This cauJs a switeh 18^^ h CaL * SSS 130 to sht * ° ff « °SC. 

194 of source 30. When this happens, the B^-«2^,S f ^l* 2 9en3r3t0r ***** "P* 

to the touch sensing surface 18 are " intSd FoT " ** ^H^to 
microcontroller 108 are shifted to digita. ^^sZ^^Tl ™ M1 0UipUtS f ™ 

A^meT f S+ output! Jand ^ t0 ^ ^ 

A manual v nno-,ow _ -^i . w,i ^-^srng surracs. 



connections 




?^ Scanning Seougnces and Touch Location tt^,' 

As explained in greater detail below, micro^^' ioa » • ^ 
apply the transformer S.G + and the SIG-oufpute 4^50 to se^- IT T?**™ 52 S ° aS to re ? s ^y 
a predetermined seouence. From the r-sGftinc tl.?^ { ' SS of tns tou =h sensing surface 13-in 

determined. r - SUlt " 19 t0UCh currant£ . »» touch location and other information is 

As a first specific example of a scannina seawnr*. ■ 
currents have been adjusted to zero b^SJjSS g X^t^T* **• * tha 
Also assume lhat an X-Y coordinate system has b^e^bS^^ is unto "=hed. 

sensing surface. If a point P is touched the locaUon o ^ . ^ * thS cenl9r of to"* 

shown in Fig. 2 (also sometimes indicated he^v y ^ ^ " 9 ' VSn by * 9 ^dinates X and Y as 

tn a tirst mode of this first scanning sequenc- the SlfU.*w c« • 
and the SIG + output 43 is coupled to the s* of Contacts £T JZ " t0 thS Set of contects 22 

28 are open circuited (although they need not be^n ! ' oaier sets of contacts 2S and 

established in a first or X direction across the touch . J?J£ m0 ° S " T ternaSn9 CUrrent 9radienl « 
horizontal and comprises an X axis. As ej ieS I Mol ^ after ^Tr' r CaSS> 9,5 " rSt dire::fion » 
the resu,tin g first or X touch current is expre'ssedly " Tfo^^lT" * """"^ 53 M ^ 



(a) i x = K„ x Z 



ln the above equation, i, is the resulting touch current -vhw, u - - ' 

current A.so. V is the voltage at secondary wincing ^ ouS'ut' t ZF? 3 flfSt ° r X touch 

the transformer, m addition, Z, is the impedance added^! *° V,nUa ' Sr ° Und at th& ^ *P of 

circuit and K, is a constant In addKon^^aS?^ * 3 C ' rCU,t f en a "«r touches the touch sensing 

, quant.ty V/Z, corresponds to the impedance current that flows 
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upon touch by* a user. Fin2llv. y ik* y , . . 

.establishes a uniform alternating- current voltaae in th <L 2 , ! 9 '° UCh SenSi " 9 surface - ™ s 

center tap 54 corresponds to thl SSS X Il^T ^ ^ m ° de ' {0tJch current 21 *• 

after multiplication an'd 1^,^^ * ^ ^ <» 



(b) i z = - K 2 



in other approaches to th a imnori= nro ^, „ . 



touch: 



(c> x = *' 2 



i 2 K x 



formula (c) above and averaging the resultTa viae K * ™ sf h S " b ^ n 9 * '°^ons in 

unknown X touch locations L be coS "from t£ det9rram9d 0n <* K ^ * determined, 

abova equations. " «*npjte- from the first »nd .mpeaance touch currant signals using the 

Assuming two dimensional touch informafiin ri==ir=H - . 
mode. ,n the third mode, the S,G + au^^^^Z^ ff^C? S ?» S ™ » third 

SIG-output 50 is coupled to th° bottom sida PR r? thVZ "V 6 toueh Sens,n 3 ^ the 

arrant voltage gradient in Cn^^^^^^ 0 . Surfac3 " Tnis -tabiishes an alternating 
or V touch current, i„ after m U lfi P n,.on ^^t^^ y S^^~^ 



(a) i v = K v Y X 



i X 

(2) V a V 2 



■2 K, 



In this • expression, is a constant which may be determined in the same manner as KVIC 

can be determined with sufficient preds^h^Ss^Zr'-i?^ 1 '* * aC=urate - tourfl "°«*on 
scanning signals between the various m£" » * a^oB^T ^ ThS SWitchi " 9 <* * s 

and M1 signals from the microstroke ^7on T^\ T ™ ? ^ 0f M0 

computer 1,4, which informations, item behfg o£ S on ft £T < ?>T ^ 16 id&ntifies ' t0 * e 
Tne termina, 12 ihen responds in a ^own ^^S^^^^^ » «» ^ 
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In addition to determininn tnur-h inr*«~* • - .. 

touch currents. For example" the X ar.77 <L£ZT '™ m *' 0n may bs> ob{£i "ed from the generated 
impede touch current ^ce*^ ™- v*h 

touched .ocation. tL va of tnet uc^ ^hVT* ^ 9 h '' S ° r her fin ^ at the 

in impedance touch current eT£^2 by «™ 9 ^ f ^ ^ ™ BU " i *> varia «™ 
the touch screen is pressed at the same Z2£% on y ZSX^SS^^ 9 
current i x is detected and can be used to call u» a ™4~.fJ7 ■ r r8sukm 9 ^"S 9 impedance touch 
the touched location. Up 3 Part,CU ' ar *"**"»» which operates on data identified by 

touc^n^ * - V touch current, a* we,, as impedance' 

modes instead of the threTmr2 JS^SS^S SS? fT"? h four 

described with reference to a toucrl point P id^Sd by X, £ Tl£ v'^ f S SC3nnin 9 metn °=< « 
d.stance in the X direction across the touch sensing surface J kn^wn ^ ^ * e totaJ 

Also. X,» defined as the horizontal distan ce SrS^r^fT-T^" '! ."^ * SU ™ ° f *' a " d *■ 
the horizontal distance from the_rroht sid= Jo? £~rl ■ . 1 . P " r ' 5 - 2 t0 point ? whiis * * 
direction across the pane,' is &Tj££ i to £^ £7 and y'T^ h * S Y 

lower side of the touch sensing surface to point P whil=Ti s -h J ^ * °' Y ' ' S thS °' istsn=s from * e 
sensing surface to point P. . ' ' S *• a,stance frorT1 *» "PPer sid 3 of the touch 

In the first mode of this second scanning sscuenca the muf;ni«»r « - 
SIG+ output 48 to the right side ofthe touch sensing su-a-e ^ni^!T ! f to <=°"P'* the 

side of the touch sensing surface. This e^lis^I*^ center tap 54 is coupied to the left 

sensing surface in the X direction flrS^^t™ 1 ^ **** * e tou =" 

the touch currents to aero when the touch s-nsTna ; , *l 7 been adjusted to null 

and faring has been performed. Under «2T3nSE? a S toCch T™ "* 
expressed as follows: -wranions. = 7irst touch current i x1 at the center tap is 



30 



x r.. v 



x i + x 2 z t 



35 -s^t^^^ 

an alternating currem *b,tage orad4 in K^d^ii^ff^^^^ 1 
aoove assumptions, a second touch current L. is «„rJi Jl . ^J?* " n £ ht ** « se ' and * 9 



43 



(9) i X 2 = K x 



?2-- 



x l + x 2 z t 

* "When formulas (f) and fe) are added, ft. impedance touch current i. is givsn as fo!lows: - 

(h) kJ£ = fi , , 

Finally combining f6rmu!as(f) and (h) results in the following oxorecsion -or X *h= v • 

point P: y - x P'ession ,or Xi, the X-axis position of touch 



£5 



(i) xi = £xi_n^j 1 _x2)_ 

(l xl + i X 2) 
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In the above equations. K x is a constant and can h^:-^ 

icucnmg the touch sensing surface at known \ n ^Z"',r'7C ™ msnnsr 63 ^'sined above by 
Plus X, is known. Therefore, from J^T^oZZ^TT amtkKmd - *• *• 

P can be calculated. Also, information is ob^iZ ™ 1 * informsti «=»" <or touch point 

The Y-axis position information s iSined inT a ^ * an " S * * 8 ' mpedanC9 toucf1 "*™* 
scanning sequence, the SK3 + outprf 2 Tcol.ed £ ^ m0de of W » S8c ° nd 

center tap 54 is coupled to the b^rn siderf the ^ * * ° f t0UCh Sensin 9 surfac8 the 
* is expressed as follows: lh9 toUCh S5nS,ng SurT . acs - res "«"9 third touch current 



70 



(j) i y i = K, 



V 



V 



*2 + *1 Zt 

In the fourth mode^th 
canter tap is coupled 
expressed by ths following equation: 



^'^V^^^T^^^ Sid i° f 819 — sumacs whUe the 
by the following equation: nSm3 ' n,S results in a touch, current U 



V 



00 iy2 - K v • ~ 2 - 



3y combining formulas fi, and ( k ). ft. following egression for impedance touch current i „ is o!=t3ir 



:ainea: 



(1) Ky (i yl + iy2) = 

Furthermore, when formu.as 0) and (I) are combined, an equation for Y, is obtained: 
As explained above, the sum Y, plus Y 2 is known in =™--- 

same manner as the constant K,. This me £ « Y^cs^T K^f* M be 0et9 ™ in9d *. 
addition, changes in the impedance ^h ouneT^t°^H ^ be ° btein9d from *. touch currents. In 

As will be aoparentto those skilted Tin 7Z I J* ° TSd 38 desired - 
altemating current gradients across the tovS s^s^L^T^ "ZT*" " d m0aeS 0f establishing 
«n* or currents from w«ch the desired^^n^ dtSeT t0 ^ '** ™ 



Touch Panel Structure 



so 



55 



Again referring to Fig. 2. the touch panel 16 has a to„rh «>r~- • 
area thereof which, in conjunction with a bcafjon dein^^fion -f 18 * hich exten6s ^ the 

previous* mentioned, the touch pane. 15 SudesTSe Se co^TorT! t0UCh by 2 US9r " * 

conductive film. One suitable example of such a «hn hfadi™? ^ , « S 18 W ' th ele «ri«Hy 
a sheet resis^vity of 200 ohms pe? ^JlT£Z^^«£^»* * «*•> 
p£es are > commercially available. suC .as from Optical CoSS "iS^rt « = 20 , na " omete "- Such 
The sheet res.stivity of the film is not highly critical w» Ti^ 7i 1 P Sa " ta Rcs£ - CaBtemta. 
higher, being suitable. Sheet resists IgliSX' ^2m T 5 ° * 2,00 ° 0hn,s psr s ^ 3re - ° r 
resistance switches and can result in re^X^l^l^Z^ ^ '° W 
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The bsse piete is not limited to any particular shape. Thus, it may be circular, concave spherical 
curved or flat to fit the screen 14. In addition, the base piate may be opaque or optically transparent and of 
a variety of suitable materials. To reduce glare from reflected light from background sources, the base plate 
may be of a commercially available anti-glare glass. This glass may also be flat or contoured to match the 
curvature of the display screen. One source of such base plates is Eagle Convex Glass Co of Charlesbura 
West Virginia. * y * 

As previously mentioned, the particular contacting scheme employed may be varied as exemplified by 
the approaches mentioned above. Of course, the specific multiplexer or switching circuit 52 will vary 
depending upon the contacting arrangement which is chosen. In general, any contacting arrangement may 
be employed which facilitates the establishment of a relatively uniform alternating current voltage gradient 
across the touch sensing surface in the desired directions. 

Touch Panel Excitation Circuit 

The details of the circuit utilized for generating and applying alternating current voltage signals to th* 
touch sensing surface 18 are shown in Rg. 3. 

More specifically, in the illustrated form, signal generator 30 typically comprises a conventional sine 
wave s.gnar source, such as an integrated circuit XR 3033A source from Bear Company, connected in a 
conventional manner as shown in rig. 3. Source 30 provides a sine wave outout at pin 2, which is *h« 
output 36. Although not critical, the circuit is typically operated at a sianal Generator output frequ<W of 
from 15 kiloheriz to 300 kilohertz, with 200 kilohertz being suitable. For reasons exoiain-d h-Iow" this 
rrequency is automatically adjustable by the touch processing circuit The sianal source 30 a'so provid-s a 
square wave reference signal at pin 9 (output 70). Tnis reference signal is used to oenerate synchronisation 
srgnais at CSC. SYNCH. line 140 and also by the multiplier reference circuit 72 to provid- r«f*r-n— voftwe 
signals for analog multiplier 69. d 

Tne illustrated driver amplifier circuit 38 includes an operational amoiifier 210 with a discrete push-pull 
follower circuit 212. The output of driver amplifier 33 is coupled by line 40 through- a one microfarad 
ceramic DC blocking capacitor 213 to the primary winding 42 of transformer 44. Caoacitor 213 prevents th- 
t-anstormer 44 from being driven into saturation by DC currents. Typically, the sianal generator and driver 
amptmer comoination drives transformer 44 so as to provide an approximately 12 volt peak to peak voltaoe 
across t t ,s secondary windings 43, 50 of tine transformer.- The same voltage appears across primary winding 
t2 because tne specific transformer being used has a one-to-one primary to secondary vclie^e ra'tc 

in the preferred form, transformer 44 has a toroidal core. Tnis transformer isolates' currart used "to drive 
tne touch sensing surface IS from the current generated by the signal generator 30. Consequent!*, the only 
currents appearing at the center tap 54 are touch currents. Wfth such a transform** <* r ;„;r, n ™r.~ u - ai j Qn 
circuit complexities associated with subtracting pane! scanning signal currents from~ touch brents * ar- 
eliminated. 

Suitable resistors and capacitors utilized in the signal generator and driver amplifier circuits and whi-h 
nave not been mentioned above, are set forth in Ta : bie 1 -at the. end of this detailed description 

Mutolexer 52 {Fig. 2) comprises a switching circuit for applying the panel scanning sionais to the touch 
sensing surrace. These pane! scanning signals are applied so as to establish the alternating current voltage 
graoients m the desired directions across the touch sensing surface. With the illustrated touch contacting 
arrangement multiplexer 52 comprises six double-pole double-throw CMOS analog switches 268-270 
together wfth a state decoder circuit 272, interconnected as shown. As a specific example, switches 280- 
fJ^n^ "H 5045 switches. Also, state decoder 272 may comprise a conventional 

74LS02 NOR gate set The scanning signals at the SIG + output 43 and the SIG-output 50 are delivered to 
scanning inputs of the multiplexer circuit 52. In general, the switches are toogled to various states by stat- 
oecoaer 272 in response to control signals M0 and M1 delivered to the decoder on control lin-s 124 123 
Trorn the microcontroller 108 (Figs. 1 and 3). The multiplexer input/outout Ones, designated generally as' 274 
in ng. 3, are connected to the respective contacts A through T of the touch sensing surface 18 as shown 

When log.c zero MO and one M1 signals are respectively aopiied to control lines 124 125 by th- 
mtcrocontroller. the switching circuits assume a first or X touch current determination state. When in this 
first state, the contacts P-T of set 22 are electrically tied together and the contacts F-J of s-t 24 ar- 
electrically tied together. In addition, the contacts A-E and K-O are open. Also, when in the first stat- th- 
output 48 :s applied to the contacts of the set 24. In addition, the SIG-output 50 is applied to th- 
contacts of the set 22. Under these conditions, an alternating current voltace oredient is established in th» 
first or X direction across the touch sensing surface. 
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20 



In addition, when the MO control signal deliv^ri nn ™^ c i Iina - 124 3 . . ^ . ^ 

together and to the SIG + o^ut 4s"a!so ttfetm^n^l " , "f 61 861 26 Metrically Bed 

current Soitage is then -^^^7^^^^ ^ ^ 7,16 
result, any touch current which flows atflU ca ^r^ -f • L t0JCh Sens ' n9 Sljrface - As a 

generated when the touch S^i^a^J^t C °"' respo " ds «° *» impedance current 

switch of the type shown an XsTtnt ouch ~n f * t^' ^ ".^nai CMOS analog 
Aiso; impedancTcurrent ^ ZX^T ™ S ' 9 ^ 

being driven. Of cours- other co^ s ™ ^ -i* ° n9 S ' d9 °' the t0uc!l ""•'"B surface 

unifo^e^ being the es^shmeot of a ■ 

surface is interrupted. ShrLg t , ftelff Se" In ^ ^ SCmnin9 SiQna!S 4 ° thstoucil sensi " a 
Tnis protects the touch SS rJ as ^^f^t^ZL ^ e f= ss , sive ~W currents are detected 
the switches a, tvpicaHy ^ T 
when the circuit is reset ■' . ssiw-sn x,. y ond Z sates and also 

♦n J" 6 ,!!"rt 9 ?** t2b ' 9 ilIUStratSS tha aboW states - h this table th» lette-s 7 3 a md , 

* the ou^t s of «. decoder 27 2 and respect^ to the top. bottom. ^ ^i^^ 



ST AT 5- TA3L5 



30 



40 



M0_ 
0 
0 
1 

1 



Ml R Xr - • T- • B - L 

0 I 0 I 0 0 

1110 0 Sig 

0 0 0 1 1 0 rf 



1 0 



Off 



Panel Side ' 

■ Ri ? ht - Tot? • • Bottom - Stkte-Nasne 
3ig+ Off Third or (z) 
Off Off First or (X) 
s 1< 3~^ Sig Second or (Y) 
Off off 'Off 



Sig+ 
Sig-f 
Off 
Off 



In operation, the rn.crocontroller 103 repeatedly cycles the scanninn of tf» ~k 
mis is accomplished by shifting the multiplier between fstSL irf^L? S8nSmg SUrf3Ce 1S ' 

Third - Off - First - Off - Second - Off - Third - Off ^ " he foMo ™g sequence for each cycle: 

state and in this sequence is checked at^^aS^l^" 9 pertbr,TOd durin 3 2 

current is used in determining both X and Y pSJon? t E£2S32 T*' ^ f~ 
greater frequency than X and Y current determinations oS ' det9rmins}io ^ with 

The resting touch current siohals are then ^S^u^^^ sequence, are of course suitable, 
touch locations. Typically, the mumplexeV c^Tor^ %Lt^ ?" n B ^^ (aHe) ^ t0 dets ™e 
1 «0 hertz), in generate ^XgZZ ^ncy^ iS *° * 

oetermine a touch location. y> 105 lcn 3 er rt takss *e processing circuitry to 

In a similar manner, a suitable multiDl^xer mav bo ,,^a ^ 
and ^ as expired above in connection ^ ?J£& S ° B ™ , » *• four touch ^- -V- 

Although a transformer driven touch sensing circuit simplifies the awn™ = w 
tages. other circuits for establishing the desired' ^rrJhvTT ^ " P rov,des «*»' ^van- 

sensing surface m 2y be used. For IZ^sSX^ ^ a=raSS ,he tou =" 

unity gain inve.ng amplifigr to the SlC^tP^m^^^^^ ^ 
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output 43. the differential currents at the SIG +' and SIG-outputs are then obtained by a dirferenti-l nmm * 
detector and processed to determine touch locations. Moreover, when the touch p2JJ?rSSj^2 

for ^^^^^^^ T" 

voltaoes.may. for example, resu.t from static e^ctrfcity'from a Jser JEi £.£2 S Stra^orm ^ 
means composes four sets of damping diodes, one set being numbered 230 in f! i ScT^i' f 
electncally coupled to a respective side of the touch sensing surface. For examole s =,l ;t ™ f 
the mid-contact C at the top of the pane.. Similarly, the othlr sets are ^ 
other s,des of the panel. Set 2S0 includes a first diode 282 having its c^*^Si.TE 1** 

^£Sf r nSCled t0 3 n69atiVe 12 " V0,t ° C >» -hi ^^ucfptne. device A 

second diode 2W has .ts anode connected to the touch sensing surface and its cathode oonne-fed to a 
pcs.bve 12-volt DC supply. Whenever the voltage at the top side of the panel exc^fl 2 vote ^il °h! 
o.aang voUage of diode 2S4, -diode 284 conducts and discharges this voteo^ " Si'nfiL y ^e er £ 
voltage orops below a negative 12 volts and the biasing voltage of diode 282. "this dtodt coZ jZ ? 
discharge the panel Consequently, ft. vdtage at the touch sensing surface b eEctS limrted £a ranoe" 

Si S an ?H ^JF?!* SSC °" d 2SnSf Q '° dS h2 ^ itS rathods coms = t8d '0 *e positive 12-vo S 
and rts anode grounded. These sener diodes have, a breakdown voltage which is higher than the mannS 
or the supply voifages. for example. 18 votts. Consequently, any voltage discharoef ir4 U ah £dT*S 

n 2 t e H e I °' 83 10 9r0Und L additia " t0 W9h V0 ' ta " prOtecS0n - thsss = !a ™'"9 diode's and ~tr 
diodes do not draw excess current during normal touch location detection. Therefore 'th- accuracTof io^'h 
detentions is not affected by leakage currents through this orotection circuitry ^ UCh 

With continued reference to Fig. 2. circuitry for coupling offset capacitor 163 to the stG o,*.* -n" 
dunng third or 2 stage touch current determination is shown. More spfcHte* the w a ! i Jf-, 
coupled to switch 170 by a wired OR gate comprised of diodes 2S^ 290 and resistor 2=" s Jitch i"?"! 

I'" 9 Whfch d=S5S Wh6n KS C0 *°' in?ut is 22ro - ™» ''-Pens whe" m'o and Ml 

are both at og,c zero and .the panel is in its third or Z impedance current determinate, sta^T Tnl 

CapaCfe,r " ^ bS ' 0W —« ~ - desc^r^e^mSc 



ss Panel Output Signal Frocessino Circuit 



50 



ne.err.ng aga,n to r.g 3. current detector 62 may comprise a current-to-voltaoe canv»t-r oc-aiiona. 
r- -T- ' nVSrtn9 . *? Ut C ° nn9=59d t0 CSnter 43,5 54 of * e former 44". The nonlnveS E£ 
across the mputs of current sensing .am plifier 62. These diodes protect th= amolifier from 
currents and voltages. A 220 ohm feedback resistor 302 is connects i brt^'the^Ej S ?L * »T 
input of amplifier 32. When connected in this manner, amplifier B2 P ov?e S ou^S?~f w 7 
the current* flowing to the transformer center tap 54. and' thus to STfi ilS^S5SS22 

mulbpner. r.lter 66 compr.ses a pass^e. high pass filter. This filter includes a 1000 Dicofarad DC blo-ld-m 
capactor 304 and a 4,7 kilohm resistor 302 connected from analog multiplier inpuTes To ara^'^t 
negate 12 volt supply is also connected through a 4.7 kilohm resistor 306 to the Inpu^l ° & 
Analog mulfipHer 69 obtains a.referehce signal from the output 70 of signal source 30 Outout 70 i« = 
square wave output which is shifted in phase 90- from the sine wave output 36 fed to dr iv= Th! 
transformer 44. Output 70 is connected through a 4.7 kilohm resistor 310 to a node 311 wh^ £ZfZ 
connected through a 10 kilohm resistor 312 to the positive 12 volt supply Nod»^ 4 = S ^ nr „ « 
through a 3.9 kilohm resistor 314. This network Divides the voltage at Te scuare'w^L 'LS S J m , 
which is compatible with TTL logic A diode 313 clips the negative h* Zte T^Z^L 
. n,s leaves tne positive half cycles as the synchronization signals at OSC. SYNCH outnT-^o S 
coupled by a ,000 picofarad DC blockfcg capacitor and a pair of 10 ki.ohm reSorsSo 

:~JL ^™IT^^I A K 0 PiCOfar3d n,,erina ew * r 324 iS — ted tn-ode betS 
r_s,sto.s 320. 322 and ground. Also. ,nput 76 to the analog multiplier is grounded through a one kilohm 
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20 



25 



SO 



resistor 323. These 

reference frequency sign* foT^'ana^ ^ Z ^TnuSeT** Wav90utput to P rovids *e 
multiplier available from Motorola . Company.' tSsIST *^?™^P"»<»»i«C1«6 analog 
conventional biasing resistors listed in Table 1. connected „ shown ,„ Rg 3 gnd hag 

With the circuit nulled, as explained below tho <r- n ^ 

volts, in ih. absence of touch b^ser "nf ^ e ve n XutT"^- ^ ^ * ^ 29TO 
diverts some current to ground. Conservation Jcha^e TouS *-, ,h- SenS '" 9 ^ A tOUCh by a US5r 
wire 54. The resulting center tap current is cornpS of I sbrJl J? ^ ^ " 3,6 C8nter t£p 
substantial noise component X. Y and Z touch £^ 4£5J J" 9 t fr9quenc >' **■ — ■ 

signals. Since only the amplitude data is of interest a IvnrfZ f • . V ^P 1 '^ 9 chan 9 9S "» »a current 
amplitude-modulated touch' current ^^^^S^S^i^ »* 
resulting in enhanced , noise rejection and 1^1^ ^ ™^.^. —^"^^ 
accomplish demodulation, the cenier tao cunerrt sigLTs ISt t osi ' m ' n ^- To 

output 70 of signal source 30. Mathematical in t^t^x!! ^ * ^ ^ deHv8d fram 
presents a constant impedance to ground. zX ^^XSS^SS "* -""■"» *• 



PANEL VOLTAGE xV 0 cosw 0 t 
CENTER TAP CURRENT 



XV cos (w t-f-s) 

0 ' • ■ • o- - ■ • + Noi: 



MULTIPLIER OUTPLTT 



cos * ^ + cos ^ xV o cos2 : rf 0 - ± No . sa 

22 t 22; 

These expressions also include constats which are' ~*nr~i\** * ■ 

are obtained during Y and 2 touch current S^St ^JS^T^ T~ 
nmety degrees relative to the multiplier reference signal cos B i s n-f* " CU ™ nt phSS& Shift ' is not 
provides usab.e data. Although touch current S y ^"l"!* ^ to ™° and toe mulfi P lier 
wave output shifted ninety- degrees from ihe sine w^! f ^ ; I ^ >00ra8 ?0 to a 

information is obtained. Multiplier ouf^ a^piifier ^ f^f ' '° ^ degreSS ^ 

effectively eliminates the V.cos2w.t £j aTmu-W t C ° mpriSe 3 P sss "«* 

" t as set forth in equations a.b an™ d^S^^SS"-.T? ^l!" 9 ^ Conwpond * 

signals. 0lUl l0C2t,0n ,s then oetermined by processing these 

50 another 47 Mlohm resistor to the noninS, HnpS tte ol^ ^ 69 * C °" neCted 

also coupled to ground through a 47 kitohm if.n ^ " T^" 6 '' ™ S noninvertin 9 input is 
connected from the output ofampfe 3« ^ S J inSf^o^ rSSiStW 354 " 
• 353 respectively couple pins 9 and 6 to ground. ' ™cro7arad capacitors 35S. 
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Because 2, varies widely, signal levels at output 82 vary considerably. If i x , i ¥ and ufrom outout 32 

'™ ^Tf' S" 3 '!' T? ° f """^ err ° r - ,nStead ' 2r » in ^rated toje the 

thP ™ n " h 5 " ^ ,nte 9 ral ' on hmes ^ V and {.are controlled by microcontroller 103 to maximize 
toe magnitude of the integrated value*, within Emit., and to minimize error. Since t,. t y . and t, are £S? bv 
*e m.crocontroller. offering integration times are factored out by the microconfro er during to^^ to-Aion 
determ.nat.oa Integration also provides additional noise filtering. 3 " 

Referring again to Fig. 3. the amplifier output 82 is fed through a 2.2 ialohm resistor 3*0 to *« 

■ control of rn.crocontroller 108. the switch 84 closes. As a result, the amplifier output 82 is coiled to the 
■ntegrabng capaator 90. The am'pWer output 82- is integrated for an integration lime P S Ta 
durafcon wh.ch ,s determined by the duration of the hold signal. Integrating capacitor 90 comprises a 0 02^ 
m-crorarad capaator connected from the inverting input of integrator ampler 92 to the S ouju, £ 
■ he non.nverang .nput of amplifier 92 is grounded through a 2.2 Motor resistor 352. The in So df " 
^scharge ntfch 94 is.in parallel with the capacftor 90 with a-390 ohm discharge cuLvL it „1 
connected be^een the integrator output S3 and the switch. In response to logic zero ^ IJnl Z 
fine 98. from decoder 130 under the control of microcontroller 108. switch 94 clcs»s to dSSaro- ^ll Z 

ZlTl^S 1 ?T *> - ^9^ S 6 analog version of the touch =u r=4 

generated at the center tap 54 of the transformer 44. - ,,,s 

^ '"I 3 r2 -°! 98 fS C ° Up,3d 5hrOU 9 h an operational amplifier circuit 355 toThe data input P in S of 
^analog to o.grta. converter 100. The circuit 356 shifts and attenuates the integrator outouT^n orc^ to 
match tne rnput range of tha analog to digital converter. Circuit 333 also comorisls another ^ na rto= a 

diode 0 T^fT 5 T is : ot t pisd from the node bstwe9n a psir ° f resistors ™^?^trX 9 

codes clamp the voltage at this node to approximately plus or minus S.3 volts and fimit th« ran o e of 
voltages applied to the operational amplifier circuit 353. 9 ® 0f 

olrf ^ A ? ato f ? a ' 9i ?L COnverter 100 ^ <=="»P-'ise a National Semiconducter ADC1001 circuit The sioht 

100. arid also included in circuit 3S5 are iisted in Table I. ' "'" 3 " y " J ° 0nV5!ler 

co ^P' em ^ 3 PP">?<* may be ,sed in conjunction with the digitization of neoative valu=s from 
uhe. .ntegrator. rrom the s.gn of the digitized, value, the. quadrant of the tou-h l-cati-n P i^J^n - 
examp.e. with an X-Y coordinate system having an origin at the center o7 he^uch 18 
negative X- touch current values indicate touches to the .eft of the origin. Conversely! pTsLTx touj.* 
current values ndicate toucnes to the right of the origin. Similarly, necative Y touch cu-rent valu^ tSZZ 
touches below the origin while positive Y touch current v a .ues in oLe'touches SoTe^e on Jn 

Tne in.egration cycles are repeated, xvith the microcontroller shifiino the multiolexar w ~nr.'„ « ^ • 
* respective states, to obtain successive digitized first, second and ii^S^^^S 
values are then processed to indicate the location at which the panel is louche* 

c J^T^ .T. iCrOCOntr0 J ,ef ■'OS.Comprises a programmable 8751 EPROM microcontroller from Int-i 
Corporation, In ado.ion. oecoder !30 comprises a 74LS13B decoder/demultiplexer circuit. In addX ft- 
,elecommun.cat.ons mterrace 120 may comprise a National Semiconductor DS14S9 O ua Ti 1 • 
combination with a DS1488 Quad Line Driver, k. the >l^£tX^S^^^ 
composes a senal rnput port, pin 9 comprises a reset input which, if at a logic 1 level.^sets L touch 
detecDon crcu.t, and p» T3 comprises an external interrupt input Microcontroller outout ^ pfn 6 Is useTf or 
sencng a request to send signal, pin 7 is a data transmission ready to send nne a^d Z 11 

compr, S e S a sena. output These pins are controlled in a conventional manner to enable J^JZC io! 
to seno or receive oata. via interface ,20. over a telecommunications network. In add^TS^l 
s,on and receoton of data is possible. Parallel output latch 112 may comprise a 74LS 3 £ o'JLl Z 
v ? th s ,ght parcel data output pins and corresponding input pins. *LJL£l£SZS^^ 
pm 11. .n add-moa the enable input pin 1 of latch 112 is connected to an inoutfouS oin 8 o -h* 
raS? ° nS& '° Snab,S S ' ,3nalS ^ ^ ^~»-. P-«- ££SZ oTdata 3 lorn - 
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'Control switch 198 may comprise a manually ooerated switch havino ... 

m.croconfroiler input pins 21-27. These ouputs are at logic 1 or logic 0 tev^"d^nq"^"u^ W «-irh 

j ^s^m- * e lo H 9ic - ieveis atpins 13 ma 14 detemine m ° de « mis^ffii^iss 

of. a touch B determmed. For example, if these pins are at respective logic 0 and 1 levels a "tour*™ 
make" mode, is indicated. In this mode, upon the initial detection of a touch ^ucTlLl^I« •, 
via latch 112 or interface 120. If the bgic .evels are 1 and 0. M-^i^^^Z^lT 
case upon reusing of a touch be** (i.e. by a user lifting his J^X^ ^^JiSl 
surrace), touch locatcn data is sent Furthermore, if the logic levels of th-se olr^t h n 
"continuous mode" is indicated. In ft* mode, touch locaf on 3a is con^uL^y Utotat moSmeJ of 
a user's finger across the touch sensing surface is monitored. In addition, the loJicTveS Tu^TZ^l 
determme whether parallel output later. 112 or the serial outout is to be used Jfrt Ji!?,t * ? 
teiecommunications output (Le. 1200 baud. 9600 baud. iS^T^^S^ S £ 
used to designate parity of the data. Finally, the logic level of pin 8 oetermSJ SXTd^if SJ?h h 
■n an 8-bit binary form, or in some, other format. Switch 198 can aSmaTcTKS 
or smaller as needed to control designated parameters involved in signal processing V ^ 

throu* ITnvt h dSSCriPti ° n * ^ ^P 0 " 9 "* P in * 13 and 19 of the microcontroller are couo.ed 
ttuDugh 33 picofarad capacitors to ground. A quartz crystal is connected between th»se pins to orovidf an 
Mediator reference frequency for the microcontroller. In addition, the touch panel 53 has a ™mh«, n, 
0.1 microfarad power supply decoupling capacitors (e.g. one being numbered 374) 

The operation of the microcontroller 108 to perform the integration and touch lrLrtir-n rf»t-^- _* 



Automatic Nulling Circuitry 



As another aspect of the present invention. Sis panel outout signal oroce*sina cir-uit in~l U ri= e 
nulhng arcurt 150 for nulling the first, second and impedence touch currents. 3 T"TuLg- : s ™ lS 
touch currents at center tap 54 are effectively offset to zero at times when the touch sensing s u ™ « £ 
no. bemg toucnec. Becausa-of this nuffing. touches of the type which generate ^atveiy^ol^r^! 
such as w,tn a gloved finger, can more accurately and reader be determined ^il V^aatt Zl 1 
by underlying ambient current signals at the enter tao which ^ wT-J , - V SK2d 
Consequently, the touch panel device -can be T^d a 4 — ^ 

including * conjunction with e^^ ° f ""^ e ™ ira ™^ 

to n ' n ?hT v^v ™' ? " 9 CUrT8ntS 3re effe « addsd 10 * s from transformer -enter to 54 

denvered from VmtaocomoJi^ ^ In r™^^^'" 9 *T* " — 

connected as shown to the control pins 1. 8. 9 and 16 of a pair of switching circuits' & «attL£L£l 

and H of chese switches are electncally interconnected and are also connected toZo L nil 
scanning outputs (i.e. to SIG + output 48) by the line 152 The input pins oTttese swi °he are c!L»h f 
opacrtor, ,n resperfve capacitor bante 393. 398. The magnitude of the cawZ^Z^o^c* 
panel scanning outout depends upon the logic levels of the siana's «t th» l^h » ^^SIS* 

Pins 2. 7. 10 and 15 of switch 392 are grounded through tsSe 1 £ 4 S a ^ S Pf cn,cal, y- 

403. Simiiar.y. pins Z. 7. 10 and 15 o? switch 394 are JrSS^ Stc^s^d ^ 
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picofarad caoacitors 4fiR-ci4 \a^k „ ... 

output by rtu.ling circuit W a^Tn'££21^^ toad added to th * S!G + 

switches 392, 394 and latch 390 may be ch-nLd^ P ! J™ .zero to 25S picofarads. If desired, 

use of .arger capacitor banS 396 393 ' ^Ponents of larger capacity to accommodate the 

for each of the X, Y and Z l^n^e^Z^^ 1 * 9 '° aC ' S * re detemined 

time as any of the touch currents^eneiS Tor ^hf ™ .°** S re ™" fixed until such 

exceed a predetermined nu« Mt^n ^ Ke^- r f ^ * ^ C ° nditi ° nS 

' touch current measurement within the threshold eapaofcv. load is adjusted to bring that 

capacitor 414. at midrange of SSS^^^^V^^^ ** — ■ the ,arosst **»> 
current under no touch conditions is ft sn negate K£L of'SJf 0 * pu \ ASSUme 0,6 Z toUCh 
capacitor 414 is not large enough for nulling ^ ^— ^ t ^ ''^ ** 

SIQ - output and the Z touch current J™ V ■ . . b| 39 est capacitor 412is then added to the - 
1^^^m^ J^^^£J°S^^ h contrast, assume that 

positive and in excess of the nun thread TrL' i!f £?. 2 C ' JrrSnt undsr no touch eondlBon. is 
then dropped out of the cirSt and T^£Z^™£fi&* 4 £ *° ^ ^ " 

system iterates to the correct capacitive lead, ^•SS,*? ™es. Evantuaily. the 
estabHshing the capacitive load are also citable 9- °' C0UrSSl other msthods * 

This initial offset is in a direction such ihtf «T^*T * ■? ^ CUrrentS * center teD M - 

banKs 393. 393 typicaliy KSSS 2S,?S?7 * j! f^"" ° f 

if all sides of the touch sensing surface are bri™ «™.hL" ? CUnSnt determi "afi°n. especially 

currents are relative* bicker C 0 ™nX a^raTr^? * ™ * ^ S ' G+ ° Mput - ths ,Baka « 
which initialiy tto^npeSn^^ ° S ^ t0 ? rovids a " 

of the ft*d capacitance of nuUing circuSX ' » J o^t ° ^ * 0mSwhsrs in tfl3 

output during imoedence touch lurr=nt d-term^n" , £ It,on ? offs3t « Da ««' «8 is added to the SIQ- 
switch ,70 connects capacitor I ^ SH^JhT^^ " """^ ^ * 
Otherwise this capacitor is switched out of ft- SSJ^>^^- """"""^ are ^ mad " 
Capacftor 153 may be left in the d^^n^L Tt ^Zr,! * ^^*«*™°* 
increased. wnunuoLsiy it tne c«p==uance range or auto null circuit 150 is 

t^^^JZZS^S^J** WmM "* ** » *"* * I" this case, 

capacrtance C, ^S^^Tr^^^l^ *?* >*" *• ^ 

ground. Tnis constitutes a nu« condffion and th» Sr ^S?, ™ transom* center tap 54 to virtual 
This is because th=re are no si an ^ °Z J Z ? * 50,6,7 a funcSion of touch impedence. 

capacitances C, C^la^ to^S^ST 9 ^ ™ in touch lo ^^ The nu.Hng 

current M-^^Z^S^ during X and Y touch 

When nulled for an three states, current flfws fL th» c^ "r X UndSr "° tOUch *™<™™. 

touched. lhS ° antSr te? a4 on, y wne n touch ssnsing surface is 

inciuSs^^ ^ * touched. microcontroHer 103 

current nulls under untouched clnS^l^n^ 0 !? h e3s=t fine luna * s *»* 

1 5 flow charts. exp.cned more fully below m ths discussion of the Fig. 9- 

Nulfing circuit 150 may be implemented in a v2ri»tv «f f^^„ - 
390 may be repiaced by either a ^ ^2r 0 T^Si uSZ'r STSSV fT ^ 8 ' 
respective control inputs of switches 392. 394 fa the counteMml^ ^ 9 C ° Up,ed t0 1,18 

from microcontroller 108 on line 154 counter £. 'f 1 ^"^ 0 "- res P° RS9 to count pulses 

capacitive lead connected to the U+omTt^czZ^ -T* ^ ^ 2 in tos 

the desired nulling caoacitance is d^SS?f?^ ^ ^ ' S Van9d ° nS succsss!ve S ^P •* a time until 
implementation, L shift register * 6te SJ SST* d9te «" ^e. .n the shift register 

connected to a strobing output of Z ^Joo^^^ ™crocontrol,er 108 and a strobe input 
which designates a parl'cutar combination of ^ c^S^iS?* nu » 
shift register. The rter=iion technious 6-*JL7^ Ca ' jac,,0rs 13 Joaded fom the microcontroller into the 
the proper nu.Hng data te^Zl^T " C3nn9C * J ° n "** " S " 3 ™> ° e ussd to *«•"*. 
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in Snnthpr imnlamonf2«nn r .. 

" •"" 1 " W,M "—"'F'jr»'y euta^y uunvo.iw wiuuus unaar tne control ot microcontrol- 

ler 108, are used to vary the capacitive load which is coupled to the touch sensing circuit In the Rg 4 
emboaiment, a conventional multiplying- digital to analog converter circuit 424 has an input connected to the 
output 40 of the panel supply amplifier 38 (Figs. 1 and 3). The output of circuit 424 is connected to the 
noninverting input of an operational amplifier 425, which has a feedback resistor 42B between its output and 
inverting input Depending upon the type of operational amplifier 425 used, a nulling capacitor 430 is either 
(a) coupled from the inverting input of the* operational amplifier to the SIG-oanel scanning output 50 (as 
shown .n_ solid lines in Fig. 4); or (b) to th*e output of the operations amplifier (as shown in dashed lines in 
rig. 4). rig. 5 is similar to Fig, 4 in its use of a multiplying digital to analog converting circuit 424 However 
Ul« IQ : *1 h8 ° UtPUt * ° irCUit 42 * iS "H™*** <* T **V *> a five hundred and fifty picofarad nulling capacitor 
430 A th!rty-three kilohm resistor 431 decreases the full scale range of circuit 424. while a twenty-tiro 
picofarad capacitor 433 helps, prevent spurious oscillations in circuit 424. Nulling caoacitor 430 thus 
comprises one iorm of capacitive loading means for the nulling circuit Microcontroller 108 generates nulling 
control s.gnafs on lines 154, which are fed to the multiplying digital to analog converting circuit 424 in 
response to - these signals, the ,capadtiyejpaaing_ effect of _capacitor_430.on..the SiGroutput-is varied Th- 
capacitive loading is varied as explained above to adjust the X. Y and Z touch currents to z 9 ro when th- 
panel ts untouched. 

In the rig. 7 embodiment, signal source 30 comprises 5 a conventional Quadrature oscillator having a frst 
output 35 connected to the panel supply amplifier 3a In this embodiment the multiplying dioiial to anaba 
converter circuit 424 obtains its input from an output 70 of the quadrature oscillator which ^is 90- out of 
phase from the output 35. The multiplying digital to analog converter circuit cutout is connected through a 
res:stor 432 to the SlG-panel scanning output 50. Because the panel scanning output 35 and the output 70 
are phase snifted, resistor 432 in effect behaves as a capacitive load on the SIG-outout The magnitude of 
this ehective capacitive load is varied in response to nulling signals, delivered to circuit 424 on iines 154 
rrom the microcontroller 103. This magnitude is adjusted to establish a null condition for each of the tou-h 
currents. 

Fig. 3 discloses a nulling circuit implementation in which offset current is directly added to tau-h 
cui.ents from center tap 54 at a location ahead of current detector 52. In this embodiment, c-nter tap 54 fe 
connected to tne inverting input of an operational amplifier 434. A feedback resistor 436 ?s ~onne~ted 
oetwean the output of amplifier 434 and .its inverting input. The outout of operational ampler' 434 ~i s 
connected through a resistor 438 to the inverting input of another operational amplifier 440 Operational 
ampimer 440 also has a feedback resistcr-442- connected between this output; which- c^spor^tf *o <he 
input o0 of the current detector, and to its inverting input The noninverting -Inputs of each of th~ optional 
amplifiers 434. 440 are grounded. Moreover, me output of multiplying digital to analog converted circuit 424 
is coupled through a capacitor 444 to the inverting input of operational amplifier 440. A first inout to the 
muJiPJYjng. digital to analog converter circuit 424. is obtained from the outout- 40 ot the -an'sl- s-ooiv 
amplifier 35.^ A second or control input to circuit 424 comprises the nulling signals from the mio-ocontroii- 
MHftplyng cigrtal to analog converter circuit 424, when connected in this manner, adds a nuiiing current to 
Ae touch current signals obtained at the center tap 54. Tne magnitude of this nulling current is adjusted by 
the mutaplying digital to analog converter circuit 424. under the control of the microcontroller so as to null 
the touch currents when the panel is untouched. * 

In each of the above examples, automatic nulling of the touch current signals from the touch canal 
device is accomplished. Moreover, this nulling can be accomplished as the touch panel device op-rat-; to 
nu!l tne touch currents on an ongoing basis. r 

Auto Frequency Control 

With reference to Figs. 1 and 3. the touch panel device includes a means for automatically shirting the 

ISTIS P3n& S T ni "? T ^ fr0m freqUSnCy interferen « *P«*a in the environment in 

whicn the touch panel system .s used. This effectively negates the effect of the interference freau-n-v 

S Z^fl^V^T 0 ™- ° ne PrinCipal S ° UrCS ° f "** intsrferan ^ spectra fs the horiz^S 
.lyback s.gnals of catnode-ray tube o lS p!ays. The frequency of these flyback sionals can vary from devi~ 
to device and also can vary es a particular device is operated. By providing for automatic frequency shifting 
away trom these .nterference frequency spectra, there is no need to specifically design a variety of touch 
panel devices- for the various expected interference frequency spectra. That is. the touch panel ' vst=m * 
the mvent.cn automatically compensates for such variations and does not have to be customised to *<*d 
intenerenee frequency' sprectra. " 
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in we mustraiea embodiment, tne signal source 30 comprises a variable frequency signal generator 
having an output frequency controlled by frequency control signals at a "frequency control input 176 (Fig. 1). 
Specifically, signal source 30 may comprise a voltage controlled oscillator which produces variable 
frequency outputs in response to signals from automatic frequency control circuit 178. 

5 Microcontroller 103 determines from the touch current data Whether the drive frequency should be 
shifted. In one method, this determination is made by monitoring the rate at which adjustments in nulling of 
the touch current outputs is required. If the. rate of change of nulling exceeds a predetermined rate, the 
drive frequency is assumed to be at a level which is too' close to the frequency of interference signals, "in 
this case, the microcontroller 108 controls automatic frequency control circuit 178 to adjust the output 

to rrequency of the panel scanning signal obtained from the signal generator 30. Typically, initial frequency 
adjustments are relatively large. After an initial operating frequency has been selected updating of the 
operating frequency is typically accomplished in small increments. In addition, as explained in connection 
with the flow charts below, a mechanism is provided for predetermining the direction in which the frequency 
should be adjusted. 

ts Referring- to Fig. 3, digitized frequency control signais -are transmitted from outputs 32 through 39 of th« 
microcontroller on busses 104 and 182 to the data input pins 4-11 of a digital to analog converter 134. The 
digital to analog converter (DAC) forms a part of the automatic frequency control circuit and may compris- 
an AnaJog Devices AD7524 DAC interconnected as shown in Fig. 3. Filtering caoacitors and biasing 
resistors utilized irr this circuit are feted in Table I. The_wR input 13 of circuit 184 is coupled to the 

to wR output IS of the microcontroller. In addition, the cs pin 1 2 of circuit 1 84 is connected by line 1 33 
to the decoder 130. Under the control of microcontroller 103, whenever the os and v73. inputs are 
bcrth^at a logic low level, digital 1o analog converter 1S4 responds to data bus incuts at pins 4-11. When the 
CS signal is at a high logic level, the data bus inputs are locked but In contrast, when the "tlR "input 
isjTigh, the digital- to analog converter 134 holds the last data present at the data inputs when the wr or 

25 cs signais assumed a high logic state. Tne output at pin 1 of DAC circuit 184 is connected to the 
inverting input of an amplifier 460. Amplifier 4S0 has its output connected to the feedback pin 15 of DAC 
184. A one microfarad capacitor 4B2 interconnects pins 1 and 16 of the DAC and the noninverting inout of 
amplifier 460 is grounded, in addition, the output of this amplifier is connected through a 33 kilohm resister 
,464 to the noninverting input of another amplifier 456. Tne FM.'bfes pin 173a of signal source 30 :s 

30 connected through a 47 kilohm resistor to. the noninverting input of amolifier 463? Finally, the outout of 
ampiirier 456 is connected to the frequency sweep input 175b of sourcs 30 and also through a 10 kilohm 
feedback resistor 470 to its inverting input 'When configured aTaescrfoed" above, in Vesponse to freouency 
control signais from microcontroller 108. the frequency of signal source outouts 33. 70 is variable over a 
range from about 130 kilohertz to about 230 kilohertz. this range can be increased or decreased as 

35 desired- 




_ _ impe 

touch current signal exceeds a predetermined value, microcontroller 103 causes decoder 130 to send an 
CSC. 5N. signal on fine 190 to the control input of the sourcs ulsabiing switch 192. When this haopens pin 
10 of stgnai source 30 is grounded and the output of the signal generator is shut off. Simultaneously, the 
panel scanning sequence ;s typically shifted to its off state. This ooens the connections between the panel 
contacts and the touch detection circuitry. This- also protects the touch processing circuitry from excessive 
touch currents. 

The above described touch current system requires relatively little power (i.e.. typically less than three 
watts) for its operafion. In addition, circuit board size, the number of components used, and costs are 
reduced. Also, typically the entire device is standard for a wide range of applications, although the offset 
capacitors 158, 163 are sometimes varied to fit specific environments. Therefore, user adjustments are 
minimized. Also, multiplexer 52 can be used, without redesign, for coupling from one to six pins to each 
side of the touch sensing surrace. This adds further versatility to the touch panel device. 



Touch Current Processing 

The flow charts of Figs. 9-15 illustrate one sequence of operation of the touch panel system of Fig. 1. 
these flow charts include automatic nulling and automatic frequency control sequences, as well as 
sequences for processing the digitized touch currents into touch location data. 
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Fid. 9 illustrator an r^/»-_^n ^ ^ - 

-ho' rt^„it on iKr^'ca-^^r".^"""*"' v ^" Tlm9nan 9 ai a start block 480, which may involve resetting 

SrS n ^\ ^ b0Ck 482 ' ,S r ^ Ched - B,ock 482 refers t0 a subr °^ w «ch selects an S 

touch pane! operatng frequency and which also calls an initial nulling subroutine. At the next block 4^ X 

s ^11^-? ? »" ? *T - S °' 2 fe S8t 6qUal ,0 FFh - desc **°"- indicate the numbTrr 

S!Tv pSV^^ TneS9 Va ' U9S COn ' eSp0nd tD 8 00 touch situation - ™°"ing mis. thT device 
outputs X, Y and 2 to .ndicate that this initialization is complete. Thereafter, at a block 486 the old* Y and 

LET T TV b '° Ck " th6n St whiCh " SW * Y and 2 «2 TarTdlrrn neJ M 

488 refers to subroutines set forth in Figs. 13 and 14. u»wrminea. oio„K 

V„ *. Ff0m Y b !f k ?*' P^^^S continues through loops 490. 492 and 494. These loops determine wh-ther 

^IrT^lT f TS ^ rBC09ai2ed Wh8n th9 tOUCh PSnSl device is in a P"*** modr 0 f operifon 
More speofically. loop 490 .ncludes a decision block 492 for checking whether tte device is being ™°Jd" 
. .n the conbnuous mode." This depends on the setting of the control switch 19S as exolS ato£l2 
connection wth , Fig 3 . , yes . the touch pane, device looks for any chanoes in *e £ Y 0^4 « a 

,s t^JFt* v S v "! t ChSn9eS> PTOCeSSin9 COfrfnueS 10 a b,ock 4S8 - * change a a 

rs block 495 the new X, Y and 2 values are transmitted from the touch panel detection circuit Th! 
procedure then continues. -"<-unry. i ne 

Loop 4S2. which follows loop 490. evaluates the "touch on make" mode in c=ses where thi<= •» 
selected by control switch 193. This mode invoives outputting new X. Y andl " S £J ^en-'e 
of any change ,n these values, .f the touch panel device is in the touch on make mode, a dec^n block 
30 f° f^^ed from block 493. If the prior 2 va.ue was equal to FFh (no touch) and the new Z va ,ue is no" 
equal to r-rn. then the pane, has Just been touched, .n this case, block 493 is reached and^e new v y 
and 2 values are transmmed. Processing then continues from block 495 or from the no branch of b.ock^ 
in the event a new touch has not been determined 0 

* on brlik 1 - C l!w i0 °- ^™ iS made 25 t0 th9 tou =* P»* device is in the "touch 

* on break made. Th,s ,s oeterm.nsd by the setting of control switch 193. If so. the touch panel d-vice tote 
for tne frst mstant that a user releases his or her touch from the touch sensing surface. aY btaSTsS l 
d e ,erm,nabon » made as to whether the previous 2 corresponds to a no touch situation and wSh-r th- 
new z corresponds to a no touch situation. If yes. the touch sensing surface has just been relea^jl'd S! 
stored X Y and 2 values are transmitted. These values cor^soond to the io-ab-n at wWch a uTr-fr 

30 a""JE? ta touch ?ensiR3 surta=s - rtbm b,a=k ' 50S - - we " » 
astSZSt "rS^ j dS fo^Jof S^^^^r ** 

as Although not snown m ng. 9. the amount of continuous delay can be monito-d Aiso tt» e^,TJ~? 

popped if the cumulative delay exceeds a ppvta^n^ fl^ « !o u S 

microcontroller ,08 has continued to disable the signet gen^lo^ond Z 
because of excess.ve touch currents. This indicates that the system needs to be checked 9 
VWr> reference to F.g, 10, the INIT. FrtEQ. subroutine, accessed from F.c 9 -mr^nr*, -t = k. „ 

« o12 At block 514. the frequency is initially set to 7Fh. This is the ln^^ S n^^ t \ Q %^t 
analog inverter 184 for use in cor.tro.nng me frequency erf signal generator SO. Tnis inLT^al^ sS 5 
ha« way through *e range of digital to analog converter 184. At succeeding blocks 51 S 513 anS 
certam .n.ba. condtons are set A variable. Fconst. is initial., set equal to.zerTand representee ^r5 
of scanning cycles that have taken place wherein no touch was detected and for wh^ ^e fre^uTS 
*?T 9 h *<°™?*J*"^t. Old Fconst is set equal to FFh, as it is initially assumed ftTthi ^uIn^ 
stable. An .nrhal Foffset is also set equal to 29 ro. In addition, an Fmod flea I isWt el^t ™* ! 
fag consols the direction of frequency changes. When Fn£ S^n^^t^ '™ ^ 
upward o,rect,on. If Fmod is negative one. frequency adjustment, in a downward ^-tiont-etd^ed Z 

S^i^r* ^ ,0 3 r ° U9h ^ W - ™ S * ^ belolt 

Thereafter, at decision block 524. a determination is made as to whether the X. Y and 2 tn„rh . 
values are satisfactonty nu..ed. This is accomplished by comparing these vat eT wS, a S thrlshl S 
answer ,s no. th.s .ndicates that the initial frequency is too close to an interference fr4uency 2ci ?„ 
55 example, the initial frequency may be close to a harmonic of the horizontal I^ ^Z^t"^ ? 
ray tube monitor with which the appals is being used. In this ^^l^SfJSSS i2£S 
by a large step. >.e.. ten unns. This is accomplished via the interaction of mlcroconttSSrTo? and S 
automat trequency control circuit 134. An evaluation is then made at a decision block sS ai to whetS 
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s Assume that the X, Y and Z touch current signals are within the threshold eva r u -to ri h r„„u -■>, , 
case, a subloop =32 is reached. This subloop Evaluates whether th- ^ V f I °* ^ th!S 
current have remained satisfactorily constat for a pred^ n ^d Z w ' ^ ~ ^ 

operating frequency is m and J*. m unfi[ Z*JZZZ?Z££Z£ SSTzlS, *" T 
not sutadentiy constant over these cycles, then the frequency is cW>d bv TiS. • T*V? 

io ,n,t,al frequeney section procedure continues. Evenly. 7 freqSfs ^71'^^ 

touch current that is near.y constant for the predetermined number cA^Sfrt • ! f " 2 
subroutine is then over. OT Slinl P ies - 'ne inraal frequency 

More specifically, the yes branch from block 524 passes to a hlnr* , • . ,. 

samp.es is set Although any number ofsamp.es may be s-54 ten if fs-S.f , *! ° f 
the old impedance touch current value Z is stored and at bfock 538 «i At b '° Ck S3S ' 

value is measured. Measurement of the touch c^r-n* ri SW ,mpsdance touch «inw* 

block 540. the absolute value ^edta ^2^^™^°" ^ 12 bS '° W - At 

U. 1. .f greater than the threshold, block rtto * ' threSh °' d - 

step. i.e.. one increment. Processing then continues at t^tZ!^^^^^ * ™* 

o has remained constant within the tolerance of this threshold block Z^lSl^ TV^" C ™ nt 
the count is decremented by one At the n-xt blo^k *li , h=» 7- ' S . reached TOm ths bl ?<* 540 and 
samp.es have been checked if ^X^^^ JS^r'JT t V*""' 2 " ° f to 
any other touch currents b=ino =valu-=H fnr 1 h S0 ' toen ths 2 touch «»rent. or 

predetermined number* sampU Tnl iniiiS o^Tf .constant for the 

-> established block W ™ Ch ** ™* «• 

n>ust^dTt^ " ^ b, °= k 250 * »■ ^ e nul Iin3 

current signals. Similar routined T^Sb'S m: a '^ 0yed * "* ° f 1115 t0UCtl 

4 thrpugh S. At block S52, the integral * 
• -ntegrating for the longest possible time, for sample. Lproxim^ly mil s^^' S t0 
control signal is initially sat eoual to z«ro Tb= null c-r'T^ i^f^ » " adaill0n - ^ null 

are being nulled. cu^rus and Z touch currants when they 

then too much =a P L-tan=eLrbe^ U p^ ,f *. answer is yes. 

signal is set eoual to the null control sfana I rni™,^ ^ t- P ^ C2Se ' a 332 nuU ^ntro) 
circuit, mitiany/the capacitor'^^ t ZZ&Z ™ZT^7*° b ? T^T^ ^ 
touch current is not greater than zero this indicates tha° nn?f™ * ° UIpt V f * bloclc = o0 ' * s measured 
SIG + output Tne value of BIT is ^^!^Sj^S^i ^ T * 
whether the halved bit value is zero A «.. an^r ««2 A . ' dstBmun ^ is made as to 

process. The first time through. 2 ^£ 'JS ^ m Capadt0r Se ' eC(ion 
a determination is made trk not eTu^h ^Sd^L^C ra f h SSS '" 9 rat " ms t0 block «6. If at block 5S0 
bypassed. Also, at block 55S th- Sftor Tl4 a^H »h! automate nu.iing circuit, block 5S2 is 

Processing then continues, .n ^-^TLTbs^ ^1^°' T ^ ,0 ths M 
in the automatic nulling circuit at 2ck =55 i-dlr d ^™' nSt,0n JS ^e that too much capacitance is 
been added. Tnis caplcitor ^^ r ^^ 4 ^^SS- ^ ^ hM 

output results in a value of null touch current wmch ,is" t^JtZtfT^T** * thS S ' G+ 

capacitor totals have been checked, at bloi^ftJ^fJ^T^^-'^T'- V2r!0US 
conditions are measured. Also, at block ^^M^y ^Si^Z "° t0UCh 

Va « B es. Tnese measured va,ues correspond to the resid", t^h^^ ^ 
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touch conditions after th« inf^i 

tons of whether to update'the nu^^'X^Tcl^* " used .<>"™S subsequent dstermina- 

appropriate null state i S set in otrw^CSSS ^STV* 9 ™^ At «*** *e 
» touch current determination, i.e., the Sa * n9 * ,,,ch 390 ,or * 9 Pa*«ter 

determined captors to the S.Q + outbui 2 Z^4 ZSTr * ^ «" Prevbus, V 

the integrating capacitor 90 in preparation for ^tL^n If k? FlV 31=1 ?) '' S Closed to d;s =»an* 
determined. Specify, analog to olgiS ci^rt ^ "° J ' ^ ^ * ^ t0 ^ <*«H» 
, ***»■« - h -.the. integrating cap Jofis SafdTn EX f ^ is than 7Fh 

'S for any such (deviation. °<scnag~a. „n ATC onset is storad and used to comp= ns =t" 

. ^^S^Sl^:^^^^^ — integral 

zero. However. the gain is ^^'du^^^Z^^T^J^- ^ is 5St s <^ * 
general, to reduce round-off error, it is ^ ? suoroutme of Bg. 13 as explained below. In 

» touch currents which, when f^SJ he ^ofJ" ^ 9 ** °° 9S not 

block 502. the value pf the melsurad touch «^ Wh!^ r rfh v°v * ^ <*«* 10 °- At 

tne digitized integrator output At block 504 . =s Ssted " 2 ^ ^ * Set ^ l ° 

deterrmned at block 593. Then, at block SO* the ™L a ^ ^ *" ""^ to offset as 

stages The above sequence is r^af^o" S to ta "^'h ft* 5 

..ock- ^s^-i: snr ; 3 - - - — - . 

corresponds to the gain setting of the ftWator Mo-« ^ ^ »* of 1he 9 a " n - herein the gain 

setting is 0 or one; is equal to 4 when CS -Z l z T^' * RX h •*•» to 2 «••*" ■» Jain 
5: and ,s equal to 16 when the gain settirig is eCfs Jf ^l^l & ' 8 the gain-setting is 4 or 
noae rejection via averaging, whj|= ^ m jLZ~£, m '• ne « selected so as to enhanc- 

» also be used if desired. ^ntam.ng a reasonable response time, other gain functions ray" 

touch currents could be measured at m^XS L ST* " mSES ' JrSCl ABhou * * e * * * 
oroer to determhe 'whether excessive touch ITT C ™ " mSaSured and eva,u *ed in 

> adjusted. The measured 2 touch. current is IhS^cl^l^,-^ ^ ^ ^ Sh ° M 59 
than a predetermined maximum value. maxZ. If y 3 S ckfn Sf„ . ° St9r7nine WhethSr rt is 9 r2 ^ 
tf rt ,s 2 ero. corresponding to the ^™l*££^ a ^£ ^ d * bl °<* ^0 to determine 
touch current exists because the shortest inteq-efion T'k! I ' ^ m?ans thaf ex «ssi^ impedance 
sti.. greater tha, the maximum v aiue : .n tSlafe at ^ SftT? "i" ''"^^ ^ c "S"t i 

. mutoplexer switches are opened. In addition Xarf v „ . ^ 9 ^ 9rat ° r 30 is Sfwt off ^ *• 

equal to zero to indicate a shut down «S£^7.T£X V? P ** U ' ^ «« 2 is 584 
suosequent updating of nulls. The process then retur^'af h . ^ " 891 ^"^ to fa!se for u « in 

shut down Js indicated and the delaj of bJ^otZ^S^ ° Modt 503 is reac ^. 

If at block 620 (rig. 10) a determination is madeW *L t-- 
settng is then set equai to zero at block 822. PrSSJE ^ ^ SStt,nS ?S no1 64,1131 to 28ro - *» Sain 
again reached, if ft, yes branch is 1ol^ e 7te a^ZZ^ n SS * b, ° =k ^ 6,8 is 

the impedance touch current is not greater flw maxi S " ^ *"* Shut d0Wn occtjrs - How ^er, if 
is made as to.whether the impedance T^nS f h - 2 ° " raS=hSd - At b '^- a determination 
adjustment of the gain is made via a suhm,^ •^!! S . , 8 . m,n,murn . de *'red vaJue. min.Z. If so an 
determination is made as to whether the glin if eou^ to^T ^ " bl ° =k 530 iS > raa = hsd a ^ a 
reached at which X, Y and 2 are set to inSte no tou^ T ^ ""^ ^ S9tSns - " so - blo =k S32 is 
s-gnais have been detected over the ^muTi'S ''^^ ^ 

. un nme ps.iod t o tngger the indication of touch. 
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From block 532, frequency and null update subroutines are reached at block 534. Folbwina these 
subroutines, the processing returns as indicated at block 535. With this processing sequence, the" update 
offset subroutines are not reached except during no touch conditions. Therefore, frequency* and nulling 
adjustments are not made while a touch is being detected. 
5 If at block 530 a determination is made that the gain is not at the maximum setting, block B3S is 
reached. At this point the gain setting or integration time period is incremented by 1. In addition, rather 
than remeasuring 2 at mis point, 2 is simply set equal to (22). men, at block 640, 2 is checked' to see 
whether it is less than the min.2. if so, processing returns to block 630 as previously described. If not th- 
procedure returns to block 612 and the touch panel device is operated with a different gain setting. 
ro Assume that when block 526 is reached, a determination is made that the impedance touch "current is 
not Jess than the min.2 value. This means that 2 is within the desired min.2 to max.2 range and a touch is 
indicated. At block 623. the impedance touch current measurements are summed, and X and Y touch 
currents are measured and summed. At block 630. the number of samples :s decremented. Following this 
at block 532, a determination is.- made as to whether all of the samples set at block 512 have been obtained! 
75 If no, processing continues at block 616. Jfyes, processing proceeds via block 534 to block 633 (Fig. iV 
At the following blocks 533. 640 and 642 the respective summations are adjusted to remove the *ffe"t of 
the X. Y and 2 offsets that were initially determined at block 570 (Fig. n) or which have been updated as 
set rorth m the rig. 15 subroutine, inese offsets are determined with the gain setting eauaJ to zero. 
However, X, Y and 2 measurements are not necessarily determined with the same gain setting. There*oW 
20 during this adjustment the offsets are divided 1 by two to the gain power, in addition, the total offset 7s 
determined by multiplying the offset for an individual measurement by N, the total number of samples 
included within the summation. mus. microcontroller 103 compensates for residual null offset currents. At 
blocks 644 and 546. the X and Y positions of touch (X P . Y p ) are computed; In addition, 2 P , the impecanc- 
value xs set equal to a function. f2, of the gain and the summation of 2. Specifically, f2 (gain, summation of 
25 2) equals [(Max.gain - gain) * 16] + [summation 2/2*3, This function is selected to denote the locarithm to 
ine base 2 of the gain and for an indication of the value within the gain range. Thereafter, at block 650 a 
last null flag is set equal to false and processing is returned at block 632. 

Referring to Fig. 15, the updating of null offsets and the panel drive freauency will next be des^rtb^d 
commencing at biock 550 in rig. 15. At block 552, an update null flag is equal to fals- In action 'he' 
so 0LD2 value is set equal to 2. At block 554, the question is asked as to whether the orevious scanning 'cycle 
wss aiso a no touch situation, if yes, the respective 2, X and Y offsets "are then checked in succession to 
see if any upaaang of the offseis is required, in other words; a no touch situation must' exist 1 for a* full'cvc'- 
before any null updating takes place. '~ 
During null updating, from block 654. a block 355 is reached- At this block, the 2offset is s-t —ual to a 
35 function, f- H of Zoffset and OLDZ. Namely, fi (Zofrset. OLD2) = [2offset - 2ofisel'2 5 + OLDZ&) Other 
functions are suitable, but this particular function is- selected to perform filtering of the offset" values The 
Zoffset is then evaluated at block 653 to determine whether it is greater than the max.ZoffsM If yes th- 
automatic nulling circuit needs to be adjusted to remove capacitance from the SIG + output This is done 
by decrementing the nulling signals by one step at block 670. From biock 670. a block 672 is r=a~h-d at 
40 which time the Zoffset is set equal to zero and the update null flag is set true. This flag indicates that a ' 
nulling update has been performed. The subroutine then continues at location 574. 

Assume that at block 653. Zoffset was determined not to be greater than max.2offs-t In th-s case 
biock 675 is reached and a determination is made as to whether 2offset is greater than a min2offs=t If so' 
the automatic nutting circuit has not coupled enough capacitance to the SIG + output. Consequently block 
578 is reached. At this block the nulling signal is incremented by one step to add in additional capacitanc- 
From block 573. the steps indicated in block 672 are performed. If both the no branches of blocks 553 and 
576 have been followed to point 674. this indicates that no adjustment of the 2offset is r-quired 

The Xoffset is evaluated in the same manner as the Zoffset Consequently, blocks corresponding to the 
previously discussed blocks are given the same number with the added letter a. Similarly blocks in the 
so Yoffset evaluation and adjustment portion of the subroutine are designated with like numb-4 but with th- 
added letter b. Also, it should be noted that ft (Xoffset, OLDX) = ^offset - Xoffs-t/25 + in 
addition. U (Yoffset OLDY) = [Yoffset - Yoffsst/2 5 + OLDY/2 5 ]. 

Following evaluation of the null offsets and any updating as required, the processing continues at b1o~k 
630. At olock 630, the X touch current is measured (see Fig. 12) and OLDX is set equal to X. 7h»n at block 
ss 632, the Y touch current is measured and OLDY is set equal to Y. The last null Hag is s-t equal to true -t 
block 634 L Ai block 635. the UPDATE F*=Q. subroutine (ng. 15} is reached as explained below. rolKhq ' 
the UPDAi E FREQ. subroutine, processing is returned at block 553. " 
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The Fia 16 subroutine 

In » «as .ample. 1, (Fo»«. UPDATE null) - [Fo»« - PMM!> * nir^^TST , 

wither the duraton of ten. which nu.Dng adjustments were not made' is greater at the orient o^ hc.' 
frequency than at the prior operating frequency. If so. th ?S indicates that any pr**^^?,°^2? 
»as m the proper oirecfion, .n this case, at block 702 OLDFconst is set ecual * F«rsMn L"t-^t "h! 
present dnve frequency resulted- in more frequent nu.ling than the prior drive tecu^ 7oV t 

reached. At block 704. me flag Fmod is inverted to indicated that any previouT^g- inTeCn * Z in 
tte wrong erector , and that the no* change shouid be in a direction oopesite to the priorlhanS Took 
702 is then reached. From block. 702, block 70S is reached whs-sin -„« 7 CRan 9S- 3lock 

zero, in addition. a, b.ock 70B. the * Y and Z te tf* ™ * Z 'tlo rT*l 

man™ ^f^™* X J ^ordinstes ' are utilized by the user's computer 1K (Fta.1) in any suitable 
manner, r-or example a touch at a particular location may call a subroutine Also, as Jill b= "«5y aSSS 
1h9 aoov e oesenptjon. touch locations may be continuously determH-d » 7 f™.7" -J Sp>jar3 " t 
touch sensing surfac e. These congous donations ^V^tZ^^V^ 
trace a p,cture on the 0IS play terminal 14. The procedures set forth in .he Fi~s 9 -p m \t 
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TABLE I 

s Element Component / 

220 32 kilohm resistor 

222 ' 224 10 kilohm resistors 

10 225 150 picofarad capacitor 

223 47 kilohm resistor 

230 ' 232 33 kilohm resistors 

234 22 kilohm resistor 

235 6.8 kilohm resistor 
238 ' 24 ° 390 ohm resistors' 
242 6.3 kilohm resistor 
~ 22 onm resistor 

" 24 ° 1 microfarad capacitor ' 

248, 252 2.7 ohm resistors 

25 254 1 microfarad capacitor 

2 5° 22 ohm resistor 

330, 332 i kilohm resistors 

" " 334 10 kii ohra . r 5S i 3t0r 

336, 333, 340, ,342 4.7 kilohm resistors 

370 10 kilohm resistor 

25 372 I 50 picofarad capacitor 

376 59 kilohm resistor 

3/3 35.7 kilohm resistor 

380 110 kilohm resistor 

40 332 35.7 kilohm resistor 

334 630 picofarad capacitor 

386 1 kilohm resistor 

*s 452 1 kilohm resistor 

455 22 kilohm resistor 

Having illustrated- and described the principles of our inv-ntion with -c-ar-n-* * 
50 embodiments, it should be apparent to those D-4rs skiHad n tnT Z Z * ,s?,er = ncs to several preferred 

in arrangement and detail wLut de Sng ^ ^ ™y be modified 
morons which come within the true spirit ^^JS " W 211 «* 
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Claims 



TO 



J5 



1. A touch panel device for determining the touch location at which a touch sensing surface of the 
device is touched comprising: 

signaJ generator means for producing an alternating-current voltage output 

panel scanning signal applying means for applying panel scanning signals to the touch sensing 
surface, the panel scanning signal applying means having an input coupled to the signal generator output 
the panel scanning- signal applying means having first and second pane! scanning outputs comprising 
respective first and second alternating-current voltage panel scanning signals which are driven by the signal 
generator output and which are one hundred and eighty degrees out of phase from one another; 

touch signal detection means having inputs coupled to the first and second panel scanning outouts and 
a touch signal output, the touch signal detection means comprising means for producing touch current 
signals at the touch signal output corresponding to the difference between the first and second oan-l 
scanning signals: " 

switching means for selectively coupling the first and' second panel scanning outouts to the touch 
sensing surfaces as to selectively apply the first and sedond panel scanning sianals to the touch'sensing 
surrace and generate touch current signals at the touch signal cutout upon touching the touch sensing 

panel output signal processing means having a first input coupled to the touch sianal outout for 
rece.vmg the touch current signals, the panel output signal processing means comprising means for 
determining the touch location from the touch signals; arid 

the panel output signal processing means including nulling circuit means for automatically nulling the 
touch current signals when the touch sensing surface is untouched. 

2. A touch panel device according to claim 1 in which said nulling circuit means comprises means for 
selectively coupling an effective capacitive. load to one of the first and second panel scanning outouts and 
means for automatically varying the magnitude of the effective load to null the touch currant -iqna's wh»n 
the touch sensing surface is untouched. 

3. A touch panel device according to claim 1 in which the panel output signal processing means 
.nciudes processor means for computing the touch locations and for determining when the touch sersinq 
surface is untouched: a 

the nulling circuit means having input means and a nulling' output coupled to one of the first and 
second panel scanning outputs, the nulling circuit means including nuijing control means tor coupling an 
effecave capacitjve load to said one. of the first and second panel scanning cutouts, the nulling Control 
means comprising means responsive to nuliing control signals for varying the magnitude of th= -ffecHve 
capacitive load; and 

IP •* 9 P"- 55 ** weans also comprising means. for generating. and delivering nulling control signals to th= 
nulhng control means tor controlling the magnitude of the effective caoacitive load coupled to said on- of 
Jk > first and second panel scanning output so as to null the touch current signals when the touch sensing 
surface is untouched. y 

4. A touch panel device according to claim 3 in which the processor means also comorises means for 
generabng ofrsat nulhng signals for further nulling of the touch current signals when the touch sensino 
surface is untouched. a . 

5 A touch panel device according to claim 3 in which the nuliing control means includes a null switch 
control means wrth swrtch control input means for receiving nulling signals from the processor means the 
null switch control means having an enable input means and swrtch control outout means, the proce'ssor 
means having an enable output coupled to the enable input means for controlling the transfer of nulling 
signals at the switch control means to the switch control outout means, null switch means coupled to the 
switch control outout means and having an outout which comprises the nulling output, plural capa-itors 

■^^^ZZT* p .? en f J° th9 r nu " means - «» sv** means comprising means for 

coupling selected capactors to the nulling outout in response to nulDng signals at the switch control outout 

means. ^ 



6. A touch panel device according to claim 5 in which the null swrtch control means comprises a latch 
7 A touch panel device according to claim 5 in which the null switch control means comprises a shift 
register. 

3.^ A touch panel device according to claim 5 in which the null swrtch control means comprises e 



counter, 
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from fl» processor means and a second converter input coupled to the siorai 9 S ' 9 " S * 

coupled to saw one of the first and second pane, scanning S^S^T " ^ 
con tr o s.gnate so as to nu„ the touch current signa.s when the to^h J£ZZ?SSZ&1* 
11. A touch panel device according to claim 1 in which the nuliino circuit m^ans rw ' 

surrace is untouched; — rmmtng wnsn the touch sensing 

the nulling circuit means having a first input counted to the touch oan~l Q «tnrrt ^ a „- 
coupled to the first input of the pane! output signal processing ~f t/T™ .r° ~ ? d 3 nu,hn9 ° Utput 

^=^h^~ 
coSl™^ 

ampiifier means to the second I h^^p^li^ s S^ * MCMd ° PSrateal 

ground, the „ uIIing drcuit means ^T^rZ^^^T^ T ^ """^ 
means output to the inverting input of tt>- first ^D^rSora? a^nlr m l d °P 9raSonal a "«r 

touch signal output varies in respo e * 2 nu£ 2^ Wn8 "* J ? nUllin9 Si 9 nal at {he 
current signals .hen the touch senS surface S2S? ' " " * mibnM » *• touch 

«^SSJ^^'^.1^J T **? ftS ««"» comprises means for 

surface and thToth^ SrfSJ 2 S«S.d ZZSE^'^T* * 3 SidS ° f toUch sensin 9 
surfa.e. the second side -Jn*S 
side, so as to establish a voltage gradient a-ross the tn,,^ T!f * Erection from the first 

first to the second sides and so as t Tp^e'a first Such ™ ^ 1119 firSt dire=tion *™ the 
touch sensing surface is touched th» s^ china ? at t0UCh Si9nal ""P* when *» 

neous.v couSng one of ^".Tn^^ «« 

determining 4 touch locaSong »t £ SE^S t^l~r ^ ^ ** 

touch current signal; current sig, ,al and the impecance 

and the nulling circuit means comprising means for automatically- nuliin- ,w • 
current signals when the touch sensing surface is untouched * d imp9Canc * ^uch 
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15. A touch pane! device according to daim 13 in whirh *h a „, .r 

sHnin. ^ y 11 n lc * ir > which the nulRno cimnrf mca ^ . ? 

a « ..u.m.y ^uiiem signal to tne touch siona! out™* w **~ » "* """" means Tor 

touch current signals when the touch, sensing sSace^ntoucS * nU " in9 * nd im? » d£nce 

16. A touch panel device according to claim 1 in whir* ih«J «,.,-. t - 
s selectively coupling one of first and second panel s-ann^n !T 9 m6anS mea "s *>r 

. surface and the other of the first and ^^^S^SF* * ^ ^ * 819 t0UCh sensin 9 
surface, the second side being located aerobe ? 3 S8C ° nd SWe ° f 8,9 touch sensin 3 

side, so as to establish a voltage gradient £o£ the touJ ~nL« * * t£reCti0n from * e first 
first to the second sides and.soas to provideTfirst touStJSTZ^ th9 ** * reCtion from th * 
»o touch sensing surface is touched, th. m^? e ^ 9 * t0tJCh ^ OU * ut » h * n *s 

the first and second panel scanning outputs to tn^d Q ?£! h 63 " 5 .** one of 

first and second pane, scanning o^^ ^Ts^VLTJuX ^ SUTfaC ° "« <*« ° f th * 
located across the touch sensing surface in a se4nd t^t T 9 *** Ca ' fourth side 
voltage gradient across the touch sensing su^ in ,he Z ^T/™ ^ ^ 50 ss to establish a 
« and so as to provide a second touch Legion*, XtoTlt^T",™ *" t0 th * **** sidss 
~rt*e_ is touched.^ a^Wc^l^* 8 ^ ."*«.»» touch sensing _ 
of the first and second panel scanning outou£ to at JSlTrf ' simul{aneousi V "upnng one 

the touch sensing surface to provide m ^ {hird a "<* fourth sides of 

touch sensing surface is touched the fwvT^W . f 3 21 * e touch si 3 na) out ?"t w "en the 
« fining Retouch location along £lW «°2fSj^ l ^ n8 ma "* ""P"** •"•"»• ** 

. r ~ touch current signa*. the 

touched. ^ t0Ucf1 CjrTem SI 9nafs when the touch sensing surface, is 

*s 17. A touch pane! device accordinq to c'aim is in k *x_ 

includes processor means for computing the 'to^h tofi^«7- ^ ^ ^ e ro *^9 ^eans 
surface is untouched; . 'ocat.ons and ror determining when the touch sensing 

the nulling circuit means having innut mean* = n- 
second pane, scanning outputs, the ^cST^ B JS5,° U ? Ut t0 ° n9 ° f firSt and 

» errecve capacitive load- to said one of the tox ^^^^. 0 ^ me2ns ™ «*PHng an 

-4^^^^^ Bering nuiIing confro) ^ „ , 9 

* the first and second pane, scanning oui^TL* to ~7 ^ C °' J?ied to said one * 

.ouch current signa.s .hen the touching sLceTs ™" *» firSt SSTOnd ^ d **«*<c* 

means to the one of the first and second panel seining '° r . ? Uplin9 * e ^ 
connected dunng generation of impedance touTh ^cu^t sLtf M * 8 nU " in9 outoul ls ™ 
impedance touch current signals. ^ 50 65 t0 ? rovid e ^ initial offset to the 

19. A touch pane, device according to claim 1 in whi~h tha 
adding a nulling signal to the touch signal outout for autoA-J-n !r S = ' * 17192115 rneans for 

touch sensing surface is untouched. autom-udly nulfing the touch current signals when the 

<J££££X££& ^ defemfnin9 ^ to "= h « a touch sensing s,.rface of the 

be driven by the signal generator S ISZ ^ f ° * 8 Si9na ' 9enerat0r 0U{ P"' » « to 
with first and second secondary ^o£LJ3^inK; 3 T Windi " 9 

a panel scanning signal as the primary winding means is d^nff'.K f 00 "^ binding meens providing 

switching means for selectively Zv P S™sZn d £l J * ^ 98nerEtor 
as to se.e=tive. y apply the pane, scannings ^ a. tSTSTlS m ^". lB *• tOUch ssnsi ^ so 
s,gnals at the center tap upon touching of ft. pli fte slTh no 9 "* Senar£te touch curr ^t 

coupling one of the secondary winding outputs to .flS s^L o tLT^! """P" 8 ^ m8ans ^ se.ectively 
ne secondary winding outputs to a SSC0 n7s de o to* t 0 l ! "T" 9 SU ™ C ° 3nd the othsr 

located across the touch sensing surface in a H st "oiUSr, teS f "-' n9 aCe> *' he S3COnd side bsi '^ 
0— across .a touch sensing su.ee h ^^0^^ Zt^S ^ 
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to provide a first touch current sionsi =* m» ...... 

switching means also comDnsina m^^r^^Z'J^ "'T l °" Cn SenSi " 9 surtacs is to "=hsd. the 
third side of the touch sJZ l^ ^^^ 9 * SSC ° nCaTV Windin9 0Ut P" te to a 
the touch sensing surface Te ^fZ^£^2? ,B ^ t0 * * to * 

direction from the first side so as to esfabii^K m „„,. 9 *° uch sens,n9 surrace in a second 

second direction from the Write fourS SjwSX 818 ^ SBnSi " 9 Su * acs in tn * 

center _,ap .hen the touch To £ TlnS^^™^**"*** 

selectvelv and simultaneously couDBnr, nn^ TK ; swrtchmg means comprang means for 

second, third and lo^^JSSSL^S^ ""f 9 10 " t - ha,t ° f th * first - 

the center tap when the touch -^SSSSS? " ' mPSdanC8 ^ ™ 31 

maJTS -ef^tT^Td^" 9 2 ** ! " P <W d * *• «*r tap of the transformer 
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